
2

O X F O R D  I B  S T U D Y  G U I D E S

Andrew Al lott

Biology
FO R  TH E  I B  D I PLO M A

2014 edition



3
Great Clarendon Street,  Oxford,  OX2  6DP,  United Kingdom

Oxford University Press  is  a department of the University of 
Oxford.  It furthers the Universitys  objective of excellence in 
research,  scholarship,  and education by publishing worldwide.  
Oxford is  a registered trade mark of Oxford University Press in 
the UK and in certain other countries

 Oxford University Press  2014

The moral rights  of the authors have been asserted

First published in 2014

All rights  reserved.  No part of this  publication may be 
reproduced,  stored in a retrieval system,  or transmitted,  in 
any form or by any means,  without the prior permission in 
writing of Oxford University Press,  or as  expressly permitted 
by law,  by licence or under terms agreed with the appropriate 
reprographics rights  organization.  Enquiries concerning 
reproduction outside the scope of the above should be sent to 
the Rights Department,  Oxford University Press,  at the address  
above.

You must not circulate this  work in any other form and you 
must impose this  same condition on any acquirer

British Library Cataloguing in Publication Data 
Data available

978-0-19-839351-1                                                                    

10 9 8 7 6 5  4 3 2  1

Paper used in the production of this  book is  a natural,  
recyclable product made from wood grown in sustainable 
forests.  The manufacturing process  conforms to the 
environmental regulations of the country of origin.

Printed in Great Britain

Acknowledgements

The publishers would like to thank the following for 
permissions to use their photographs:

Artwork by OUP and Six Red Marbles

Cover image:   Martin Harvey / Alamy p1:  http://www.ncbi.
nlm.nih.gov;  p1:  OUP;  p1:  CreativeNature.nl/Shutterstock;  
p1:  Public Domain p1:  Public Domain;  p1:   Nigel Cattlin/
Visuals  Unlimited/Corbis;  p1:  OUP;  p1:  OUP;  p1:  ZEPHYR/
SCIENCE PHOTO LIBRARY;  p2:  OUP;  p2:  Public Domain;  p2:  
PR.  PHILIPPE VAGO,  ISM/SCIENCE PHOTO LIBRARY;  p2:  Public 
Domain;  p2:  Public Domain;  p2:  DR KEITH WHEELER/SCIENCE 
PHOTO LIBRARY;  p2:  OUP;  p2:  OUP;  p2:  Public Domain;  
p3:  SCI-COMM STUDIOS/SCIENCE PHOTO LIBRARY;  p3:  DR 
JEREMY BURGESS/SCIENCE PHOTO LIBRARY;  p3:  OUP;  p3:  DR 
KEITH WHEELER/SCIENCE PHOTO LIBRARY;  p3:   BIOPHOTO 
ASSOCIATES/SCIENCE PHOTO LIBRARY;  p3:  DR KEITH 
WHEELER/SCIENCE PHOTO LIBRARY;  p3:  NATIONAL LIBRARY 
OF MEDICINE/SCIENCE PHOTO LIBRARY;  p3:   Bettmann/
CORBIS;  p3:  OUP;  p3:  BIOPHOTO ASSOCIATES/SCIENCE PHOTO 
LIBRARY;  p3:  MICROSCAPE/SCIENCE PHOTO LIBRARY;  p4:  
http://myibsource.com;  p4:  Dr Graham Beards/Wikipedia;  p4:  
DR DAVID FURNESS,  KEELE UNIVERSITY/SCIENCE PHOTO 
LIBRARY;  p4:  ASTRID & HANNS-FRIEDER MICHLER/SCIENCE 
PHOTO LIBRARY;  p4:  Michael Abbey/SCIENCE PHOTO LIBRARY;  
p5:  OUP;  p5:  The American Association for the Advancement 
of Science;  p5:  OUP;  p5:  OUP;  p5:  THOMAS DEERINCK,  NCMIR/
SCIENCE PHOTO LIBRARY;  p6:  MOREDUN ANIMAL HEALTH 
LTD/SCIENCE PHOTO LIBRARY;  p6:  OUP;  p6:  Jmol;  p6:   Jmol;  
p6:  Jmol;  p6:  Public Domain;  p6:  OUP;  p6:  http://www3.
nd.edu;  p6:  Dr.  Michal Laurent,  KULeuven,  Belgium;  p7:  OUP;  
p8:  OUP;  p8:  OUP;  p8:  Public Domain;  p8:  Dr.  Gladden Willis/
Getty Images;  p8:  Image Source/Getty Images;  p9:  OUP;  p9:  
OUP;  p9:  OUP;  p9:  Public Domain;  p10:  MEDICAL SCHOOL,  
UNIVERSITY OF NEWCASTLE UPON TYNE/SIMON FRASER/

SCIENCE PHOTO LIBRARY;  p11:  OUP;  p11:  Public Domain;  
p11:   Dennis Degnan/CORBIS;  p12:  Public Domain;  p12:  
STEVE GSCHMEISSNER/SCIENCE PHOTO LIBRARY;  p13:  DAVID 
PARKER/SCIENCE PHOTO LIBRARY;  p15:  OUP;  p17:  staticd/
Wikipedia;  p16:  OUP;  p16:  M.I.  WALKER/SCIENCE PHOTO 
LIBRARY;  p16:  SCIENCE PICTURES LTD/SCIENCE PHOTO 
LIBRARY;  p71:  OUP;  p71:  OUP;  p71:  OUP;  p71:  OUP;  p71:  
OUP;  p71:  OUP;  p87:  DR KEITH WHEELER/SCIENCE PHOTO 
LIBRARY;  p100:  OUP;  p121:  DR KEITH WHEELER/SCIENCE 
PHOTO LIBRARY;  p128:  OUP;  p128:  OUP;  p128:  OUP;  p145:  
OUP;  p145:  DR P.  MARAZZI/SCIENCE PHOTO LIBRARY;  p145:  
Sam Droege/Flickr;  p165:  Public Domain;  p183:  SUSUMU 
NISHINAGA/SCIENCE PHOTO LIBRARY.  

Although we have made every effort to trace and contact all 
copyright holders  before publication this has not been possible 
in all cases.  If notied,  the publisher will rectify any errors or 
omissions at the earliest opportunity.

Any third party use of this publication is  prohibited.  Interested 
parties  should apply to the copyright holders  indicated in each 
case.



i i iI n t r o d u c t I o n  a n d  a c kn o wle d g e m e n ts

Introduction  and acknowledgements

th IB  Biy  P h b  phivy  vi  

 hi  spb 2014 .  thi b h b  

i  i  p   h i vi   i i    

hp   f  h ii  h hy    qiy    

i y  h  yi h   p. 

a   pi i  H ih lv  (Hl)    s  lv  (sl)  Biy  

 v,  ii     pi.  th pi v   i  

h  q  i  h y b,  b ihi   pi 

h q  b-pi h b   ihy  ,    iv   

 h pi   i.  

  tpi 16   pi i   bh  Hl   sl.

  tpi 711   ii  pi i  y   Hl.

  opi ad   b  i   Hl  sl,  ih  x  i  

   Hl,  p    y    p  h   

 h pi.  P  h   h   p, y  

 pi  i i.  

Pi qi  i   h    pi   pi.  

a   h  qi   iv,  hh    

h y  b b    f  h v i  !

gi i iv    i   i   

 ppi  f  x.

th  h v b      ip   xii i    

y  biy.  th    p  ppii  

i y  vp  hiq i  bfi  y,  b 

h        h   h      h   

i   i  y.  a hh  i  h  piip 

 biy  i  i   i        h  h   

 h    h  ppii.  Biy  h 

i  h  i    b     h   

hy    i  pi h i  i.  th  IB  

Biy          ii  h      p 

ii  i.  th    y  ppii 

 h i  i  Biy.  ap  h,   ivi i  

 iz  i  i.  livi i hh 

h  biph,  ii h,    ip.  

H  ivii hv  ii  ip,    ii  

pi  i  i     p h  biph    i  

-h   biiviy .

I    vy      h  hp  h   h  hv  iv  

  i h  ii  h i  b.  e w   ox  

uiviy  P        hp,     J  i  th 

i  h i       py   i.  I    ib    y  i  a i  

    wi   i   hi pp   b  i h  

y  h  h I  hv  p   i .  I     i     i  

h   h I   i    h  b       b ii    h 

 ,  h    ivi   v   ivi i    

hi hbi.
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1 C E LL  B I O LO G Y

Cell  theory

INTRODUCING THE CELL THEORY
One the most important theories in  biology  is that cel ls are the 

smal lest possible  units o l ie  and  that l iving organisms are 

made o cel ls.  The ancient Greeks had  debated  whether l iving 

organisms were composed  o an  endlessly  divisible  uid  or 

o indivisible  subunits,  but the invention  o the  microscope 

settled  this debate.  Cel ls consist o cytoplasm, enclosed  in  a  

plasma membrane.  In  plant and  animal  cel ls there is usual ly  a  

nucleus that contains genes.

EXCEPTIONS TO  THE CELL THEORY  
The cell  theory  was developed  because biologists observed   

a  trend or l iving organisms to be composed o cel ls.  Scientifc 

theories can be tested by  looking or discrepancies  cases 

that do not ft the theory. There are some tissues and  

organisms that are not made o typical  cel ls:

1 .  Skeletal  muscle  is  made up o muscle fbres.  Like cel ls 

these fbres are enclosed  inside a  membrane,  but they  

are much  larger than  most cel ls (300 or more mm long)  

and  contain  hundreds o nuclei.   

2 .  Giant algae  such  as Acetabularia  (below)  can  grow to  a  

length  o as much  as 100mm so we would  expect them 

to  consist o many  smal l  cel ls but they  only  contain  a  

single  nucleus so are not multicel lu lar.

20 mm

cytoplasm

nucleus

3. Aseptate fungi  consist o thread-l ike structures cal led  

hyphae. These hyphae are not divided  up into sub-units 

containing a  single nucleus. Instead  there are long 

undivided  sections o hypha which contain  many nuclei.

Despite these and  some other discrepancies,  there is sti l l  a  

strong overal l  trend  or l iving organisms to  be  composed  o 

cel ls,  so  the cel l  theory  has not been  abandoned.

DRAWINGS IN  BIOLOGY
The command  term draw is defned  by  IB  as:  Represent 

by means of a  labelled,  accurate diagram or graph,  using 

a pencil.  A  ruler (straight edge)  should be used for straight 

lines.  Diagrams should be drawn to scale. 

A sharp pencil  with a  hard lead (2H)  should be used. This allows 

clear, sharp single l ines to be drawn. In  exams, diagrams should  

not be drawn aintly  as they will  not show clearly  in  scans.

bad good

There should  be no gaps,  overlaps or multiple  l ines.  

bad good   

Labell ing can be in  ink or pencil ,  with  labell ing l ines rather 

than arrows. Labell ing l ines should  be drawn using a  ruler and  

they  should  point precisely  to  the structure being labelled.

cel l

bad good

cel l

cytoplasm

Human cheek cel l

mitochondrianucleus

plasma

membrane

chloroplasts

nucleus

cytoplasm

vacuole

membrane
sap in

vacuole

plasma

membrane

cel l  wal l

Moss leaf cel l
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Unicellular and  multicellular organisms

FUNCTIONS OF LIFE IN  UNICELLULAR ORGANISMS 
Unicel lu lar organisms consist o on ly  

one  cel l .  They  carry  out  a l l  unctions o 

l ie  in  that cel l .  Two  examples are  given  

here:  Paramecium  l ives  in  ponds and  

is  between  a  twentieth  and  a  th ird  o a  

mi l l imetre  long.  Chlamydomonas  l ives in  

reshwater habitats and  is  between  0 .002 

and  0 .010  mi l l imetres in  d iameter.  They  

are  simi lar in  how they  carry  out some 

unctions o l i e  and  d ierent in  others.

MULTICELLULAR ORGANISMS
As a  cel l  grows larger its surace area to volume ratio  

becomes smal ler.  The rate at which  materials enter or leave 

a  cel l  depends on  the surace area  o the cel l .  However,  the  

rate at which  materials are used  or produced  depends on  the 

volume. A cel l  that becomes too large may  not be able  to  take 

in  essential  materials or excrete waste substances quickly  

enough.  Large organisms are thereore multicel lular  they  

consist o many  cel ls.  

Being multicel lular has another advantage.  I t a l lows 

division  o labour  diferent groups o cel ls (tissues)  

become special ized  or d iferent unctions by  the process 

o diferentiation .  The  drawings (right)  show two o the 

hundreds o types o d iferentiated  cel l  in  humans.

DIFFERENTIATION
An organisms entire set o genes is its genome.  In  a  

multicellular organism each cell  has the ull  genome, so it 

has the instructions to develop into any type o cell.  During 

diferentiation a cell  uses only the genes that it needs to ollow 

its pathway o development. Other genes are unused. For 

example, the genes or making hemoglobin are only  expressed  

in developing red blood cells. Once a pathway o development 

has begun in a  cell, it is usually xed and the cell  cannot change 

to a  diferent pathway. The cell  is said  to be committed.  

20 m Heart  muscle tissue

vesicles of insul in

  4000  

Pancreatic islet    cel l

EMERGENT PROPERTIES
Emergent properties arise rom the interaction  o the 

component parts o a  complex structure.  We sometimes sum 

this up with  the phrase:  the whole is greater than  the sum 

o its parts.  Multicel lular organisms have properties that 

emerge rom the interaction  o their cel lular components.

For example,  each  cel l  in  a  tiger is a  unit o l ie  that has 

distinctive properties such  as sensitivity  to  l ight in  retina  

cel ls,  but al l  o a  tigers cel ls combined  give additional  

emergent properties  or example  the  tiger can  hunt and  kil l  

and  have a  proound  ecological  efect on  its ecosystem.

Function Paramecium Chlamydomonas

Nutrition Feeds on  smal ler organisms by  ingesting and  

digesting them in  vesicles (endocytosis)

Produces its own ood  by  photosynthesis using a  

chloroplast that occupies much o the cel l

Growth Increases in  size and  dry  mass by  accumulating 

organic matter and  minerals rom its ood

Increases in  size and  dry  mass due to  

photosynthesis and  absorption  o minerals

Response Reacts to  stimuli,  e.g.  reverses its d irection  o 

movement when it touches a  sol id  object

Reacts to  stimuli,  e.g.  senses where the brightest 

l ight is with  its eyespot and  swims towards it

Excretion Expels waste products o metabol ism, e.g.  CO
2
 

rom respiration  difuses out  o the cel l

Expels waste products o metabol ism, e.g.  oxygen  

rom photosynthesis d ifuses out o the  cel l  

Metabolism Both:  produces enzymes which  catalyse many  diferent chemical  reactions in  the  cytoplasm

Homeostasis Both:  keeps internal  conditions within  l imits,  e.g.  expels excess water using contractile  vacuoles

Reproduction Both:  reproduces asexual ly  using mitosis or sexual ly  using meiosis and  gametes

nucleus

cytoplasm

plasma membrane

contractile  vacuole

cil ia

food  in  vesicles

Paramecium Chlamydomonas

eye spot

agel lum

cel l  wal l

chloroplast
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Stem cells 

STEM  CELLS
Stem cells  are dened as cells that have the capacity  to divide 

and to diferentiate along diferent pathways. Human embryos 

consist entirely  o stem cells in  their early  stages, but gradually  

the cells in  the embryo commit themselves to a  pattern o 

diferentiation. Once committed, a  cell  may stil l  divide several  

more times, but al l  o the cells ormed will  diferentiate in  the 

same way and so they are no longer stem cells.  

Smal l  numbers o cel ls persist as stem cel ls and  are sti l l  

present in  the  adult body.  They  are ound  in  most human 

tissues,  including bone marrow, skin  and  l iver.  They  give 

some human tissues considerable powers o regeneration  

and  repair,  though they  do  not have as great a  capacity  to  

d iferentiate  in  d iferent ways as embryonic stem cel ls.  

Other tissues lack the  stem cel ls needed  or efective 

repair  brain,  kidney  and  heart,  or example.  There has 

been  great interest in  the  therapeutic use o embryonic stem 

cel ls with  organs such as these.  There  is great potential  or 

the  use o embryonic stem cel ls  or tissue repair and  or 

treating a  variety  o degenerative  conditions,  or example 

Parkinsons d isease.

Removing a  stem  cel l  rom  an  embryo

ETHICS OF THERAPEUTIC USE OF  

STEM  CELLS  
Ethics  are  moral  principles that al low us to  decide 

whether something is moral ly  right or wrong.  Scientists 

should  always consider the  ethics o research  and  its 

consequences beore doing it.  

The main argument in  avour o therapeutic use o stem cells 

is that the health and quality  o l ie o patients sufering rom 

otherwise incurable conditions may be greatly  improved.  

Ethical  arguments against stem cell  therapies depend on the 

source o the stem cells. There are ew objections to the use 

o an adults own stem cells or cells rom an adult volunteer.  

Newborn babies cannot give inormed consent or stem cells to  

be harvested rom their umbilical  cord, but parental  consent is 

given and the cells are stored in  case they are needed during 

the babys subsequent l ie, which seems unobjectionable.  

However, the ethical  issues concerning stem cells taken rom 

special ly  created embryos are more controversial.  Some argue 

that an  embryo is a  human l ie even at the earliest stage and  

i the embryo dies as a  result o the procedure it is immoral,  

because a  l ie has been ended and benets rom therapies 

using embryonic stem cells do not justiy  the taking o a  l ie.  

There are a  several  counter-arguments:

  early  stage embryos are l ittle  more than  bal ls of cel ls that

have yet to  develop the  essential  eatures o a  human l ie  

  early  stage embryos lack a  nervous system so do not feel 

pain  or sufer in  other ways during stem cel l  procedures 

  if embryos are produced  del iberately ,  no  individual  that 

would  otherwise have had  the chance o l iving is denied  

the chance o l ie

  large numbers of embryos produced  by  IVF are never

implanted  and  do not get the chance o l ie;  rather than  

kil l  these embryos it is  better to  use stem cel ls rom them 

to  treat d iseases and  save l ives.

EXAMPLES OF THERAPEUTIC STEM  CELL USE
1. Stargardts macular dystrophy  is  a  genetic d isease that 

develops in  children  between  the  ages o 6  and  12.  Most 

cases are due to  a  recessive mutation  o a  gene cal led  

ABCA4. This causes a  membrane protein  used  or active 

transport in  retina  cel ls to  malunction,  so  photoreceptive 

cel ls degenerate and  vision  becomes progressively  worse.  

The loss o vision  can  be severe enough or the person to  

be registered  as bl ind.  

Researchers have developed  methods or making 

embryonic stem cel ls develop into  retina  cel ls.  This was 

done initial ly  with  mouse cel ls but,  in  2010,  a  woman in  

her 50s with  Stargardts d isease was treated  by  having 

50,000 retina  cel ls derived  rom embryonic stem cel ls 

injected  into  her eyes.  The cel ls attached  to  the retina  

and  remained  there during the our-month  trial .  There was 

an  improvement in  the womans vision,  and  no harmul  

side  efects.  Further trials with  larger numbers o patients 

are needed,  but ater these initial  trials at least,  we can  

be optimistic about the  development o treatments or 

Stargardts d isease using embryonic stem cel ls.

2 .  Leukemia  is  a  type  o cancer in  which  abnormal ly  

large  numbers o white  blood  cel ls  are  produced  in  the  

bone  marrow.  A normal  adul t white  blood  cel l  count 

is  4,00011,000  per mm3  o blood.  With  leukemia  the 

count rises above 30,000  and  with  acute  leukemia  above 

100,000  per mm3 .   

Adult stem cel ls are used  in  the treatment o leukemia:  

  A large needle is inserted  into  a  large bone,  usual ly  the 

pelvis and  uid  is removed  rom the bone marrow.

  Stem cel ls are  extracted  rom this uid  and  are stored  by  

reezing them. They are adult stem cel ls and  only  have the 

potential  or producing blood  cel ls.  

  A high  dose o chemotherapy  drugs is given  to  the patient,  

to  ki l l  a l l  the cancer cel ls in  the bone marrow.  The bone 

marrow loses its abil ity  to  produce blood  cel ls.

  The stem cel ls are then  returned  to  the patients body.  They  

re-establ ish  themselves in  the bone marrow, multiply  and  

start to  produce red  and  white blood  cel ls.  In  many  cases 

this procedure cures the leukemia  completely.
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Light microscopes and drawing skills 

USING LIGHT MICROSCOPES
1. Treat the specimen with  a  stain  that makes parts o the 

cel ls o the  specimen visible.

2.  Mount the specimen on  a  microscope sl ide  with  a  cover 

sl ip  to  make it at and  protect the microscope.

3.  Put the microscope sl ide on  the stage so the specimen is 

below the objective lens.  

4.  Plug in  the microscope and  switch  on  the power so that 

l ight passes through  the  specimen.

5.  Focus with  the low power objective  lens rst.

6.  Use the  ocusing knobs to  bring the sl ide  and  objective 

lens as close as possible  without touching.

7.  Look through the eyepiece lens and  move the sl ide  and  

objective lens apart with  the  coarse ocusing knob until  

the specimen comes into  ocus.

8.  Use the  ne ocusing knob to  ocus on  particular parts o 

the specimen.

9.  Move the sl ide  to  bring the most interesting part o the 

specimen into  the centre o the eld  o view.

10.  Turn  the revolving nose piece to  select the high  power 

objective,  then  reocus using steps 57 again.

11.  Adjust the i l lumination  using the diaphragm. 

lamp

nose piece

objective lens

stage

condenser lens

and  d iaphragm

eye piece

coarse focusing

knob

ne focusing knob

MAGNIFICATION  CALCULATIONS
Microscopes are used to investigate the structure o cells and  

tissues. Most microscopes use l ight to orm an image and can  

make structures appear up to 400 times larger than their actual  

size. Electron microscopes give much higher magnications.  

The structures seen with  a  microscope can  be recorded  

with  a  neat drawing or a  photograph can  be taken down 

the microscope  cal led  a  micrograph.  An  important ski l l  

in  biology  is calculating the magnication  o a  drawing or 

micrograph.  Use these instructions:  

1 .  Choose an  obvious length,  or example the maximum 

diameter o a  cel l .  Measure it on  the drawing.

2.  Measure the  same length  on  the actual  specimen.

3.  I  the units used  or the two measurements are diferent,  

convert them into the same units.

One mil l imetre  (mm)  =  1 ,000 micrometres (m)

4. Divide the length  on  the drawing by  the length  on  the 

actual  specimen. The result is  the magnifcation .

Magnication  =   
size o image
 

____
  

size o specimen
  

Example

The scale  bar on  the drawing o heart muscle  tissue on   

page 2  represents a  length  on  the specimen o 20  m  

and  is 10  mm long,  which  is 10,000 m.  

Magnication  =    
10,000

 
__

 
20

    =  500

The magnication  equation  can  be rearranged  and  used  to  

calculate the actual  size o a  specimen i the magnication  

and  size o the image are known.

Size o specimen =    
size  o image
 

___
 

magnication
  

Example 

The length  o the  beta  cel l  in  the pancreatic islet on  page 2  

is 48mm, which  is 48,000 m, and  the  magnication  o the 

drawing is   4000.

Actual  length  o the cel l  =   
48,000 m

 
___

 
4000

    =  12  m

SCALE BARS
A scale  bar is a  l ine added  to  a  micrograph  or a  drawing to  help to  show the actual  size o the  structures.  For example,  a  10  m 

bar shows how large a  10  m object would  appear.  The gure below is a  scanning electron  micrograph (SEM)  o a  lea with  the 

magnication  and  a  scale  bar both  shown. 

50  m S.I .  size units

1000mm =  1  m

1000m =  1nm

1000nm =  1m

Scanning electron  micrograph  

o lea (x480)
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Electron microscopes and ultrastructure

RESOLUTION  AND MAGNIFICATION
In every  type o microscope magnifcation can be increased  

until  a  point above which the image can no longer be ocused  

sharply. This is because the resolution o the microscope has 

been exceeded.  

Resolution  is the abil ity  o the microscope to show two close 

objects separately  in  the image.  

The resolution o a  microscope depends on the wavelength o 

the rays used  to  orm the image  the shorter the wavelength  

the higher the resolution. Electrons have a  much shorter 

wavelength than l ight,  so electron microscopes have a  

higher resolution  than l ight microscopes. They  can thereore 

produce a  sharp image at much higher magnifcations.   

Light  

microscope

Electron  

microscope

Resolution 0.25  m 0.25 nm

Magnifcation   500   500,000

Transmission  electron  microscopes (TEM)  are  used  to  view 

ultra-thin  sections.  (Names o parts o this microscope do 

not have to  be memorized.)  

Scanning electron  microscopes (SEM)  produce an  image o 

the suraces o structures.  

voltage

feed

electron

gun

electron  beam
vacuum

condenser

lens

objective

lens

intermediate

lens

viewing

port

anode

specimen

projector

lens

uorescent

screen

TECHNOLOGY AND SCIENCE
The diagram (below let)  shows a  simplifed  version  o 

the technology  o an  electron  microscope.  The electron  

microscope is a  good  example  o an  important trend  in  

science  improvements in  technology  or apparatus lead  to  

developments in  scientifc research.  

The invention  o the  electron  microscope led  to  a  much 

greater understanding o the structure o cel ls and  the 

discovery  o many  structures within  l iving organisms. 

The detailed  structure o the  cel l  that was revealed  by  the 

electron  microscope is known as ultrastructure.  

ULTRASTRUCTURE OF PALISADE CELLS
The electron  micrograph below is an  example  o the detailed  

ultrastructure that the electron  microscope reveals.

Chloroplast  carries out photosynthesis.

Cel l  wal l   supports and  protects the cel l .

Plasma membrance  controls entry  and  exit o substances.

Chloroplast Cel l  wal l Plasma  membrane

Free ribosomes Nuclear membrane

Free ribosomes  synthesize cytoplasmic proteins.

Nuclear membrane  protects chromosomes.

In  the  other parts o this cel l  there  were many  more 

chloroplasts and  a  large vacuole,  indicating that the unction  

o this cel l  was photosynthesis.  I t is  a  pal isade mesophyl l  

cel l  rom the lea o a  plant.
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Prokaryotic cells

STRUCTURE OF PROKARYOTIC CELLS
Cells are divided  into  two types according to  their structure,  

prokaryotic and  eukaryotic.  The frst cel ls to  evolve were 

prokaryotic and  many  organisms sti l l  have prokaryotic cel ls,  

including al l  bacteria.  

Prokaryotic cel ls  have  a  relatively  simple  cel l  structure.  

Eukaryotic cel ls  are  d ivided  up  by  membranes into  separate 

compartments such  as the  nucleus and  mitochondria,  

whereas prokaryotic cel ls  are  not compartmental ized.  

They  do  not have  a  nucleus,  mitochondria  or any  other 

membrane-bound  organel les within  their cytoplasm. 

SURFACE AREA TO  VOLUME RATIOS

As the size o any object is increased, the ratio between the 

surace area and the volume decreases. Consider the surace 

area to volume ratio o cubes o varying size as an  example.  

The rate at which materials enter or leave a  cell  depends 

on the surace area o the cell .  However, the rate at which  

materials are used  or produced depends on the volume. 

A cell  that becomes too large may not be able to take in essential  

materials or excrete waste substances quickly enough. Surace 

area to volume ratio is important in biology. It helps to explain  

many phenomena apart rom maximum cell  sizes.

BINARY FISSION  IN  PROKARYOTES
Prokaryotic  ce l l s  d ivide  by  a  

process  ca l l ed  binary  fission    

th is  simply  means  spl i tting in  

two.  The  bacteria l  chromosome 

is  repl icated  so  there  are  two 

identica l  copies.  These  are  

moved  to  opposi te  ends  o the 

cel l  and  the  wa l l  and  p lasma 

membrane  are  then  pu l led  

inwards  so  the  ce l l  p inches 

apart to  orm  two  identica l  

cel l s.  Some  prokaryotes  can  

double  in  volume  and  d ivide  by  

b inary  ission  every  30  minutes.

cel l  wal lribosomes plasma  membrane cytoplasm

nucleoid  ( region

containing naked  DNA)

Escherichia  coli  ( 2m  long)  starting to  d ivide

DRAWING PROKARYOTIC CELLS

cel l  wal l

cytoplasm

plasma  

membrane

agel lum

pil i

70S ribosomes

nucleoid

( region

containing 

naked  DNA)

Two Salmonella  bacteria  alongside each  other.  Negative 

staining showing agel la  and  short structures cal led  pi l i  which  

bacteria  used  to  pul l  themselves close to  each  other

Salmonella  

bacteria  in  a  

th in  section  

transmission  

e lectron  

micrograph
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Eukaryotic cells

STRUCTURE OF EUKARYOTIC CELLS
Using a  l ight microscope it is possible to  see that 

eukaryotic cel ls have cytoplasm enclosed  in  a  plasma 

membrane,  l ike prokaryotic cel ls.  However,  unl ike  

prokaryotic cel ls,  they  usual ly  contain  a  nucleus.  

Under the electron  microscope details o much  

smal ler structures within  the cel l  are  visible.  This 

is cal led  the  ultrastructure  o a  cel l .  There are a  

number o d iferent types o organel le  that orm 

compartments in  eukaryotic cel ls,  each  bounded  by  

either one or two membranes:

Organelles  with  a  single  membrane:

Rough  endoplasmic reticu lum

Smooth  endoplasmic reticu lum 

Golgi  apparatus

Lysosomes

Vesicles  and  vacuoles

Organelles  with  a  double membrane:

Nucleus

Mitochondrion

Ch loroplast

Advantage of compartmental ization:

Enzymes and  substrates  used  in  a  process  can  

be  concentrated  in  a  smal l  a rea ,  wi th  pH  and  other 

cond itions a t  optimum  levels  and  with  no  other 

enzymes that might d isrupt the  process.  

DRAWING EUKARYOTIC CELLS 
The drawing shows the types o organelle that occur in  eukaryotic 

cells.  Chloroplasts and cell  walls are part o plant cells but not 

animal  cells.

chromosomes 

consisting of

DNA and  histones
nuclear

membrane

rough

endoplasmic

reticulum

mitochondrion

Golgi  apparatus

plasma  membrane

PLANT CELL ANIMAL CELL

nuclear pore

lysosome

cel l  wal l

chloroplast

cytoplasm

vesicles

IDENTIFYING ORGANELLES AND DEDUCING FUNCTIONS
The electron  micrograph shows the structure  o a  cel l   in  the pancreas.

The presence o large amounts o rough endoplasmic reticulum and  many  Golgi  apparatuses shows that the main  unction  o 

this cel l  is  to  synthesize  and  secrete proteins,  presumably  the enzymes in  pancreatic ju ice.

Golgi  apparatus

mitochondrion

nucleus

rough  endoplasmic 

reticuluma

vesicle
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Models of membrane structure

THE DAVSONDANIELLI  MODEL

In  this model  o membrane structure there is a  bi layer o 

phosphol ipids in  the centre o the membrane with  layers 

o protein  on  either side.  I t was developed  by  Davson  and  

Daniel l i  in  the 1930s.

phosphol ipid  

bi layer

layer of protein

Reasons or the model :

1 .  Chemical  analysis o membranes showed  that they  were 

composed  o phosphol ipid  and  protein.  

2.  Evidence suggested  that the  plasma membrane o red  

blood  cel ls has enough phosphol ipids in  it to  orm an  

area  twice as large as the  area  o the plasma membrane,  

suggesting a  phospholipid  bilayer.

3 .  Experiments showed  that membranes orm a  barrier to  

the passage o some substances,  despite  being very  

thin,  and  layers o protein  could  act as the barrier.

Testing the model:

High magnication  electron  micrographs were rst produced  

in  the 1950s.  In  these micrographs membranes appeared  as 

two dark l ines separated  by  a  l ighter band.  

This seemed  to  t the DavsonDaniel l i  model ,  as proteins 

usual ly  appear darker than  phosphol ipids in  electron  

micrographs.  The electron  micrograph  below shows 

membranes both  at the suraces o cel ls and  around  vesicles 

with  the  appearance that seemed  to  back up the  Davson

Daniel l i  model .  

Electron micrograph of biological  membranes

THE SINGERNICOLSON  MODEL
In the 1950s and 60s evidence accumulated that did  not t 

the DavsonDaniell i  model:

1 .  Freeze-racture electron  micrographs showed  that 

globular proteins were present in  the centre o the 

phosphol ipid  bi layer (below) .  

2 .  Analysis o membrane proteins showed  that parts o 

their suraces were hydrophobic,  so  they  would  be 

positioned  in  the  bi layer and  in  some cases would  

extend  rom one side to  the other.

Non-polar amino acids in  the 

centre  of water-soluble  proteins 

stabi l ize their structure.Polar amino

acids on  the

surface of

proteins make

them water

soluble.

Polar amino acids

create channels 

through  which

hydrophil ic

substances can

charged  R groups

diuse.  Positively

al low negatively  

charged  ions through  

and  vice versa.

Polar amino acids cause

parts of membrane proteins

to  protrude from the

membrane.  Transmembrane

proteins have two such  regions.

Non-polar amino acids

cause proteins to  remain

embedded  in  membranes.

3. Fusion o cells with membrane proteins tagged with  

diferent coloured uorescent markers showed that these 

proteins can move within the membrane as the colours 

became mixed  within a  ew minutes o cell  usion.

cel l

fusion

red

green red  and  green

mixed

40

minutes

This evidence alsied  the DavsonDaniel l i  model .  A new 

model  was proposed  in  1966 by  Singer and  N icolson.  

This model  is sti l l  used  today.  I t is  cal led  either the 

SingerNicolson  model  or uid  mosaic model .
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Membrane structure

FLUID  MOSAIC MODEL OF MEMBRANE STRUCTURE
Phosphol ipid  molecu les  are  shown  as  an  ova l  wi th  two  para l le l  l ines  because  they  have  a  phosphate  head  with  two  atty  

acid  ta i l s  a ttached .  Proteins  occupy  a  range  o d ierent positions in  the  membrane.  Integral  prote ins  are  embedded  in  the 

phosphol ipid  b i l ayer.  Peripheral  proteins  are  a ttached  to  an  outer surace  o the  membrane.  Glycoproteins  have  sugar 

un i ts  a ttached  on  the  outer surace  o the  membrane.

hydrophil ic

phosphate  head

hydrophobic

hydrocarbon  tai l
cholesterol

pump or 

channel  protein

glycoprotein

phosphol ipid

bi layer

integral  proteins embedded

in  the phosphol ipid  bi layer

peripheral  protein

on  the surface

of the  membrane

PHOSPHOLIPIDS
Phospholipids are the basic component o all  biological  

membranes. Phospholipid molecules are amphipathic.  

This means that part o the molecule is attracted to water 

(hydrophilic)  and part is not attracted to water (hydrophobic) .  

The phosphate head  is hydrophil ic and  the two atty  acid  

tails,  which are composed o hydrocarbon chains,  are 

hydrophobic.  When phosphol ipids are mixed  with  water they  

natural ly  become arranged into bi layers,  with  the hydrophil ic 

heads acing outwards and  making contact with  the water and  

the hydrocarbon tails acing inwards away rom the water.  The 

attraction  between the hydrophobic tails in  the centre o the  

phospholipid  bilayer and  between the hydrophil ic heads and  

the surrounding water makes membranes very  stable.  

CHOLESTEROL
Cholesterol  is  a  component o animal  cel l  membranes.  

Most o the cholesterol  molecule is hydrophobic but,  l ike  

phosphol ipids,  there is one hydrophil ic end;  so  cholesterol  

ts between  phosphol ipids in  the membrane.  

Cholesterol  restricts the  movement o phosphol ipid  

molecules.  I t thereore reduces the fuidity  o the 

membrane.  I t a lso  reduces the permeability  o the 

membrane  to  hydrophil ic particles such  as sodium ions 

and  hydrogen  ions.  This is important,  as animal  cel ls need  

to  maintain  concentration  d iferences o these ions across 

their membranes,  so  difusion  through the membrane must 

be restricted.  

MEMBRANE PROTEINS
Membrane  proteins  are  d iverse  in  structure,  unction  and  position  in  the  membrane.  The  d iagram  above  shows a  

glycoprotein ,  used  or ce l l -to-cel l  communication .  The  d iagram  below shows examples o other membrane  proteins.

OUTSIDE

Insul in  receptor   an

integral  protein  that

is a  hormone receptor

Cadherin   an  integral

protein  used  for

cell-to-cell  adhesion  

Cytochrome oxidase  an

integral  protein  that  is  an

immobilized  enzyme   

N icotinic acetylchol ine receptor   an

integral  protein  that  is  both  a  receptor

for a  neuro transmitter and  a  channel

for facilitated diusion  of sodium ions    

Cytochrome c  a

peripheral  protein  used

for electron  transport

Calcium pump  an  integral

protein  for active transport

of ca lcium ions

INSIDE

e-
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Difusion and acilitated difusion 

DIFFUSION
Sol ids,  l iquids and  gases consist o particles  atoms,  

ions and  molecules.  In  l iquids and  gases,  these particles 

are in  continual  motion.  The direction  o movement is 

random. I  particles are evenly  spread  then  their movement 

in  al l  d irections is even  and  there is no net movement  

they  remain  evenly  spread  despite  continual ly  moving.  

Sometimes particles are  unevenly  spread   there  is a  

higher concentration  in  one region  than  another.  This 

causes difusion.

Difusion  is the passive movement o particles rom a  region  

o higher concentration  to  a  region  o lower concentration,  as 

a  result o the random motion  o particles.

Difusion  occurs because more particles move rom 

the region  o higher concentration  to  the region  o lower 

concentration  than  move in  the  opposite  d irection.  Difusion  

can  occur across membranes i there is a  concentration  

gradient and  the membrane is permeable to  the  particle.  

For example,  membranes are  reely  permeable to  oxygen,  

so  i there is a  lower concentration  o oxygen inside a  cel l  

than  outside,  i t wil l  d ifuse into  the cel l .  Membranes are not 

permeable to  cel lulose,  so  it does not d ifuse across.

SIMPLE AND FACILITATED DIFFUSION
Membranes al low some substances to  difuse through but 

not others  they  are partially  permeable.  Some o these 

substances move between  the  phosphol ipid  molecules in  

the membrane  this is simple difusion .  Other substances 

are unable  to  pass between  the phosphol ipids.  To  al low 

these substances to  d ifuse through membranes,  channel  

proteins are  needed.  This is cal led  acilitated  difusion .  

Channel  proteins are specic  they  only  al low one type o 

substance to  pass through.  For example,  chloride channels 

only  al low chloride ions to  pass through.  Cel ls can  control  

whether substances pass through  their plasma membranes,  

by  the types o channel  protein  that are inserted  into  the 

membrane.  Cel ls cannot control  the direction  o movement.  

Facil itated  difusion  always occurs rom a  region  o higher 

concentration  to  a  region  o lower concentration.  Both  simple  

and  acil itated  d ifusion  are passive processes  no energy  

has to  be  used  by  the  cel l  to  make them occur.

There are sodium and  potassium channel  proteins in  the 

membranes o neurons that open and  close,  depending on  

the voltage across the membrane.  They  are voltage-gated  

channels and  are used  to  transmit nerve impulses.

membrane consisting 

of phosphol ipid  bi layer membrane containing 

channel  proteins

through  membrane

higher 

concentration

lower 

concentration  

containing channel  proteins

facil itated  d iusion  through  membranesolute  able  to  d iuse
solute  unable  to  d iuse through  membrane

STRUCTURE AND FUNCTION  OF 

POTASSIUM  CHANNELS IN  AXONS
The axons o neurons contain potassium channels that are 

used during an action potential. They are closed when the axon  

is polarized but open in  response to depolarization o the axon 

membrane, allowing K+  ions to exit by acilitated difusion, which  

repolarizes the axon. Potassium channels only  remain open or 

a  very short time beore a globular sub-unit blocks the pore. The 

channel  then returns to its original  closed conormation.  

1   Channel  closed

chain

+

+ +++

- ---

+ +++

- ----

+++
++++

bal l
net  negative  charge inside

the axon  and  net  positive

charge outside

      

   

  

       

 

  
 

   

   

   

    

 

2  Channel  briey open

+ +++ +++

- --- - ---

+
+
+
+

+
+
+
+

OUTSIDE

net  negative charge

 INSIDE OF AXON

net  positive

charge
K+  ions

       

 

  
 

   

   

   

    

 

      

   

  

3   Channel  closed by  ball  and chain

hydrophobic core

of the  membrane
hydrophil ic outer

parts of the membrane

+ + + + + + + +

- - - - - - - -

+ +
+ +

+ +
+ +
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Osmosis

WATER MOVEMENT BY OSMOSIS
Plasma membranes are usual ly  reely  permeable  to  water.  

The passive movement o water across membranes is 

d iferent rom difusion  across membranes,  because water is 

the solvent.  A solvent is a  l iquid  in  which  particles dissolve.  

Dissolved  particles are cal led  solutes.  The direction  in  which  

water moves is due to  the concentration  o solutes ,  rather 

than  the concentration  o water molecules,  so  it is  cal led  

osmosis,  rather than  difusion.  

Osmosis  is  the passive movement o water molecules rom 

a  region  o lower solute  concentration  to  a  region  o higher 

solute concentration,  across a  partial ly  permeable membrane.

Attractions between solute particles and  water molecules are 

the reason or water moving to  regions with  a  higher solute 

concentration.  

the  membrane is  impermeable  to  them

region  of lower solute

concentration  ( in  this

case pure  water)

partia l ly  permeable

membrane

region  of h igher

solute  concentration

Water molecules move in  and  out  through  the membrane 

but  more  move in  than  out.  There is  a  net  movement  from 

the  region  of lower solute  concentration  to  the region  of 

h igher solute  concentration

ESTIMATING OSMOLARITY
The osmolarity  o a  solution  is the number o moles o solute  

particles per unit volume o solution.  Pure  water has an  

osmolarity  o zero.  The greater the concentration  o solutes,  

the higher the osmolarity.

I two solutions at equal  pressure but with diferent osmolarity  

are separated by  a  partially  permeable membrane, water wil l  

move by  osmosis rom the solution with  the lower osmolarity  

to the solution with  the higher osmolarity.  Plant cells absorb 

water rom a  surrounding solution i their osmolarity  is higher 

than that o the solution (i.e.  the surrounding solution is 

hypotonic)  or lose water i their osmolarity  is lower (i.e.  the 

solution is hypertonic) .  This principle can be used to estimate 

the osmolarity  o a  type o plant tissue, such as potato.

Method:

1.  Prepare a  series o solutions with  a  suitable  range o 

solute concentrations,  such  as 0.0,  0.1 ,  0.2,  0.3,  0.4 and  

0.5  moles/l itre.  

2.  Cut the  tissue into  samples o equal  size and  shape.

3. Find  the mass o each sample, using an electronic balance.  

4.  Bathe tissue samples in  each  o the range o solutions 

or long enough to  get measurable mass changes,  

usual ly  between  10 and  60  minutes.

5.  Remove the tissue samples rom the bathing solutions,  

dry  them and  nd  their mass again.  

6.  Calculate percentage mass change using this ormula:

%  change =    
(nal  mass   initial  mass)

  
______

  
initial  mass

     100

7.  Plot the results on  a  graph.  

8.  Read  of the solute concentration  which  would  give no  

mass change.  I t has the same osmolarity  as the tissue.  

NB  The osmolarity  o a  glucose solution  is equal  to  its 

molarity  because glucose remains as single  molecules 

when it d issolves.  

The osmolarity o a  sodium chloride solution is double its 

molarity because one mole o NaCl  gives two moles o ions 

when it dissolves  one mole o Na+  and one mole o Cl- .

SAMPLE OSMOLARITY RESULTS
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(mol/l itre)
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SWEET

POTATO

The estimated  osmolarity  o the pumpkin  is equal  to   

0 .55  moles / l itre  NaCl  solution,  which  is 1 .1  osmoles / l itre.

ACCURACY IN  OSMOSIS EXPERIMENTS
Estimates o osmolarity  rom this experiment wil l  only  be as 

accurate as the quantitative measurements,  so  it is  essential  

or these to  be  as accurate as possible:  

  the volume o water used  or making solutions should  be 

measured  with  a  volumetric ask 

  the initial  and  nal  mass o tissue samples should  be 

measured  with  the same electronic balance that is 

accurate to  0.01  grams (10 mg) .

AVOIDING  OSMOSIS IN  DONOR ORGANS 
Osmosis can  cause cel ls in  human tissues or organs to  swel l  

up  and  burst,  or to  shrink due to  gain  or loss o water by  

osmosis.  To  prevent this,  tissues or organs used  in  medical  

procedures such  as kidney  transplants must be bathed  in  a  

solution  with  the  same osmolarity  as human cytoplasm.

  A solution  o salts cal led  isotonic saline  is  used  or some 

procedures.  

  Donor organs are surrounded  by  isotonic slush  when  they  

are being transported,  with  the low temperatures helping 

to  keep them in  a  healthy  state.  
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STRUCTURE AND FUNCTION  OF SODIUMPOTASSIUM  PUMPS IN  AXONS
The axons o neurons contain  a  pump 

protein that moves sodium ions and  

potassium ions across the membrane.  

As sodium and potassium are pumped in  

opposite directions it is an  antiporter.  The 

energy that is required or the pumping 

is obtained by  converting ATP to ADP and  

phosphate, so it is an ATPase. I t is known 

to biochemists as Na+/K+ -ATPase.  One 

ATP provides enough energy to pump 

two potassium ions in  and three sodium 

ions out o the cel l .  The concentration  

gradients generated by  this active 

transport are needed or the transmission  

o nerve impulses in  axons.  

OUTSIDE

2K+

3Na+

INSIDE

2K+

3Na+

In  the centre  o the pump there are two 

binding sites or K+  ions and  three or 

Na+  ions.  The pump has two alternate 

states.  In  one,  there is access to  the 

binding sites rom the outer side o 

the  membrane and  there  is a  stronger 

attraction  to  K+  ions,  so  Na+  are  

discharged  rom the cel l  and  K+  bind.  

In  the other state there is access to  the  

binding sites rom inside and  there is a  

stronger attraction  or Na+  ions,  so   

K+  ions are discharged  into  the cel l  and  

Na+  bind.  Energy  rom ATP causes the 

switch  rom one state to  the other and  

then back again.  

Active transport

TRANSPORT USING VESICLES

The uidity  o 

membranes 

al lows them 

to  move and  

change shape.  

Smal l  pieces 

o membrane 

can  be pinched  

of the  plasma 

membrane to  

create a  vesicle  

containing 

some material  

rom outside 

the cel l .  This is 

endocytosis.  

Vesicles can 

also move to  

the plasma 

membrane and  use with  it,  releasing the contents o the vesicle  outside the cel l  This is exocytosis.  Vesicles are used  to  move

materials rom one part o the cel l  to  another.  For example,  vesicles move proteins rom the rough  ER to  the Golgi  apparatus.

3.  Vesicles can  then  move

through the cytoplasm

carrying their contents

1.  Proteins are

synthesized  by

ribosomes and  then

enter the  rough

endoplasmic

reticulum

from the  rER and

carry  the  proteins

to  the  Golgi

apparatus

3.  The  Golgi

apparatus

proteins

ENDOCYTOSIS

the Golgi  apparatus

proteins to  the  plasma

membrane

EXOCYTOSIS1.  Part  of the plasma

membrane is  pul led

inwards

2.  A 

becomes enclosed

when  a  vesicle  is

 

1 .  Vesicles fuse with  the

plasma  membrane

2.  The  contents of the

vesicle  are  expel led

3.  The membrane then

PUMP PROTEINS AND ACTIVE TRANSPORT

Active transport  is the movement 

o substances across membranes 

using energy  rom ATP.  Active 

transport can  move substances 

against the concentration   

gradient  rom a  region  o lower to  

a  region  o higher concentration.  

Protein  pumps in  the membrane 

are used  or active transport.  Each  

pump only  transports particular 

substances,  so  cel ls can  control  

what is absorbed  and  what is 

expel led.  Pumps work in  a  specic 

direction   the substance can  only  

enter the pump on  one side and  

can  only  exit on  the  other side.

1.  Particle  enters

the pump from

the side  with

a  lower

concentration

2.  Particle  binds to  

Other types of 

particle  cannot  

bind  

3 .  Energy  from  ATP 

is  used  to  change 

the shape of the  

pump

4.  Particle  is  released  

on  the  side with  a  

h igher concentration  

and  the pump then  

returns to  i ts  original  

shape
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Origins of cells

CELL DIVISION  AND CELL ORIGINS

Until  the 19th  century  some biologists bel ieved  that 

l ie  could  appear in  non-l iving material .  This was cal led  

spontaneous generation.  There is no  evidence that l iving 

cel ls can  be ormed  on  Earth  today  except by  division  o 

pre-existing cel ls.  Spontaneous generation  o cel ls is not 

currently  possible.  

ORIGINS OF THE FIRST CELLS
The general  principle that cel ls are only  ormed by  division o 

pre-existing cel ls can be used to trace l ie back to its origins.  

Al l  o the bil l ions o cel ls in  a  human or other multicel lular 

organism are ormed by  repeated cell  division, starting with  

a  single cell  ormed by  reproduction. We can trace the origins 

o cells back through the generations and through hundreds 

o mil l ions o years o evolution. Eventually  we must reach  

the rst cells,  as l ie has not always existed on Earth. Beore 

these cells existed there was only  non-living material  on  Earth.  

One o the great challenges in  biology is to  understand how 

the rst l iving cells evolved rom non-living matter and why  

spontaneous generation could  take place then but not now. 

I t is a  remarkable act that the sixty-our codons o the genetic 

code have the same meanings in  the cells o al l  organisms,  

apart rom minor variations. The universality  o the genetic 

code suggests strongly  that al l  l ie evolved rom the same 

original  cells.  Minor dierences in  the genetic code wil l  have 

accrued since the common origin  o l ie on Earth.

PASTEURS EXPERIMENTS
The general  principle  that cel ls can  only  come rom pre-

existing ones was tested  repeatedly  by  scientists in  the 18th  

and  19th  centuries.  I t was the  experiments o Louis Pasteur 

that veried  the principle  beyond  reasonable  doubt.  

The most amous o Pasteurs experiments involved  the use 

o swan-necked  asks.  He placed  samples o broth  in  asks 

with  long necks and  then  melted  the  glass o the necks and  

bent it into  a  variety  o shapes.  Pasteur then  boiled  the  broth  

in  some o the asks to  ki l l  any  organisms present but let 

others unboiled  as controls.  Fungi  and  other organisms soon  

appeared  in  the unboiled  asks but not in  the boi led  ones,  

even ater long periods o time.  The broth  in  the asks was 

in  contact with  air,  which  it had  been suggested  was needed  

or spontaneous generation,  yet no spontaneous generation  

occurred.  Pasteur snapped  the necks o some o the asks to  

leave a  shorter vertical  neck.  Organisms were soon  apparent 

in  these asks and  decomposed  the broth.  

He concluded  that the swan necks prevented  organisms 

rom the air getting into  the asks and  that no organisms 

appeared  spontaneously.

THE ENDOSYMBIOTIC THEORY
Symbiosis  is two organisms living together. With  

endosymbiosis a  larger cell  takes in a  smaller cell  by  

endocytosis, so the smaller cell  is inside a vesicle in  the 

cytoplasm o the larger cell.  Instead o the smaller cell  being 

digested, it is kept alive and perorms a  useul  unction or 

the larger cell.  The smaller cell  divides at least as requently  

as the larger cell  so all  cells produced by division o the 

larger cell  contain one or more o the smaller cells inside its 

vesicle. According to the endosymbiotic theory, this process 

happened at least twice during the origin o eukaryotic cells.  

1 .  A cel l  that respired  anaerobical ly  took in  a  bacterium 

that respired  aerobical ly,  supplying both itsel and  the 

larger cel l  with  energy  in  the orm o ATP. This gave the 

larger cel l  a  competitive advantage because aerobic 

respiration is more efcient than anaerobic.  Gradually  

the aerobic bacterium evolved  into mitochondria  and  

the larger cel l  evolved  into heterotrophic eukaryotes 

al ive today  such as animals.  

2.  A heterotrophic cel l  took in  a  smal ler photosynthetic bacterium,  which  suppl ied  it with  organic compounds,  thus  

making it an  autotroph.  The photosynthetic prokaryote  evolved  into  chloroplasts and  the larger cel l  evolved  into  

photosynthetic eukaryotes al ive today  such as plants.  

This theory  explains the characteristics o mitochondria  and  chloroplasts:

  They  grow and  divide l ike  cel ls.

  They  have a  naked  loop o DNA,  l ike prokaryotes.  

  They  synthesize some o their own proteins using 70S ribosomes,  l ike prokaryotes.

  They  have double membranes,  as expected  when cel ls are taken into  a  vesicle  by  endocytosis.

nucleus AEROBIC BACTERIUM

HETEROTROPHIC EUKARYOTES

e.g.  ANIMALS

HOST CELL

mitochondrion

PHOTOSYNTHETIC

BACTERIUM

AUTOTROPHIC PHOTOSYNTHETIC

EUKARYOTES e.g.  PLANTS

chloroplast
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Mitosis

CHROMOSOMES AND CONDENSATION  
In  eukaryotes nearly  al l  the DNA o a  cel l  is stored  in  the  

nucleus.  A human nucleus contains 2  metres o DNA and  yet 

the nucleus is only  about 5  m in  diameter.  I t ts in  quite  

easily  because the DNA molecule is so  narrow its width  is 

2  nm, which  is 0.002  m. A DNA molecule  is ar too smal l  to  

be visible  with  a  l ight microscope.  

In  eukaryotes the DNA molecules have proteins attached  

to  them, orming structures cal led  chromosomes. During 

mitosis the  chromosomes become shorter and  atter.  This 

is cal led  condensation  and  occurs by  a  complex process o 

coil ing,  known as supercoiling.  

CHROMATIDS AND CENTROMERES
The chromosomes become condensed  enough  during the 

early  stages o mitosis to  be visible  with  a  l ight microscope.  

At this stage o mitosis each  chromosome is a  double 

structure.  The two parts o the  chromosome are cal led  

sister chromatids.  They  are  held  together at one point by  a  

structure known as a  centromere.  

The term sister  indicates that the two chromatids contain  an  

identical  DNA molecule,  produced  by  DNA replication  beore  

the start o mitosis.  During mitosis the  centromere divides 

and  the sister chromatids separate.  From then  onwards they  

are reerred  to  as chromosomes  rather than  chromatids.

THE PHASES OF MITOSIS

Chromosomes

are  becoming

shorter and

fatter by

supercoi l ing

Spindle

microtubules

are  growing

Each  chromosome

consists of two

identical  

chromatids

formed  by  DNA

repl ication  in

interphase and

held  together

by  a  centromere

Spindle

microtubules

extend  from

each  pole  to

the equator

The nuclear

membrane has

broken  down  and

chromosomes

have moved  to

the equator

Spindle

microtubules

from both

poles are

attached

to  each

centromere,

on  opposite

sides

The centromeres

have d ivided

and  the

chromatids

have become

chromosomes

Spindle

microtubules

pul l  the

genetical ly

identical

chromosomes

to opposite  poles

Al l  chromosomes

have reached

the poles and

nuclear membranes

form around  them

Spindle

microtubules

break down

Chromosomes

uncoil  and

are no  longer

individual ly

visible

The cel l

d ivides

(cytokinesis)

to  form two

cel ls  with

genetical ly

identical

nuclei

Early  prophase1

Anaphase4 Early  telophase5 Late telophase6

Late prophase2 Metaphase3

MITOTIC INDEX
The mitotic index is  the ratio  between the 

number o cel ls in  mitosis in  a  tissue and  the 

total  number o observed  cel ls.

Mitotic index =    
number o cells in  mitosis

  
______

  
total  number o cells

  

Count the total  number o cel ls in  the 

micrograph and  then  count the number o cel ls 

in  any  o the our phases o mitosis.  The mitotic 

index can  then  be calculated.

The mitotic index is used by  doctors to predict 

how rapidly  a  tumour wil l  grow and thereore 

what treatment is needed. A high index indicates 

a  ast-growing tumour. One cel l  in  each  o the 

our stages o mitosis is identied  right.

CYTOKINESIS
Cytokinesis  is the division o 

the cytoplasm to orm two cells.  

It occurs ater mitosis and is 

diferent in  plant and animal  cells.

  In  plant cel ls a  new cel l  wal l  

is  ormed  across the equator 

o the cel l ,  with  plasma 

membrane on  both  sides.  

This divides the cel l  in  two.

  In  animal  cells the plasma 

membrane at the equator is 

pulled  inwards until  it meets 

in  the centre o the cell ,  

dividing it in  two.  
telophase

anaphase
metaphase

prophase
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Cell  cycles and cancer

THE CELL CYCLE IN  EUKARYOTES
The cell  cycle  is  the sequence o events between  one cel l  

d ivision  and  the next.  I t has two main  phases:  interphase 

and  cell  division .  Interphase is a  very  active phase in  the  

l ie  o a  cel l  when many  metabol ic reactions occur.  Some o 

these,  such  as the reactions o cel l  respiration,  a lso occur 

during cel l  d ivision,  but DNA repl ication  in  the nucleus and  

protein  synthesis in  the cytoplasm only  happen during 

interphase.  

During interphase the numbers o mitochondria  in  the  

cytoplasm increase, as they  grow and  divide. In  plant cel ls 

the numbers o chloroplasts increase in  the same way.  

Interphase consists o three phases, the G
1
 phase,  S phase  

and  G
2
 phase.  In  S phase the cell  replicates al l  the genetic 

material  in  its nucleus, so that ater mitosis both  the new 

cells have a  complete set o genes. Some do not progress 

beyond G
1
,  because they are never going to divide so do not 

need to prepare or mitosis.

At the end o interphase, the cell  begins mitosis,  where the nucleus divides to orm two genetical ly  identical  nuclei.  At the end o 

mitosis, the cytoplasm o the cel l  starts to divide and  two cel ls are ormed, each containing one nucleus (cytokinesis) .  

Interphase

THE

CELL

CYCLE

Cytokinesis

G1G2

S phase

P
ro
p
h
ase

Metaphase Anap
has

e

Te
lo
ph

a
s
e

Mitosis

CYCLINS AND CELL CYCLE CONTROL
Each o the phases o the cel l  cycle involves many important 

tasks. A group o proteins cal led  cyclins is used  to ensure that 

tasks are perormed at the correct time and  that the cel l  only  

moves on to the next stage o the cycle when it is appropriate.  

Cycl ins bind  to  enzymes cal led  cycl in-dependent kinases.  

These kinases then  become active and  attach  phosphate 

groups to  other proteins in  the cel l .  The  attachment o 

phosphate triggers the other proteins to  become active and  

carry  out tasks specic to  one o the phases o the cel l  cycle.  

There are our main  types o cycl in  in  human cel ls.  The  graph  

below shows how the levels o these cycl ins rise and  al l .  

Unless these cycl ins reach  a  threshold  concentration,  the 

cel l  does not progress to  the next stage o the  cel l  cycle.  

Cycl ins thereore control  the cel l  cycle  and  ensure that cel ls 

d ivide when new cel ls are  needed,  but not at other times.

C
o
n
c
e
n
tr
a
ti
o
n

G1  Phase G2  Phase MitosisS Phase

cycl in  D

cycl in  A
cycl in  B

cycl in  E

The discovery  o cycl ins is an  example  o what is known as 

serendipity    making happy  and  unexpected  discoveries by  

accident.  Tim Hunt was doing research  into  protein  synthesis 

in  sea  urchin  eggs.  He  noticed  a  protein  that increased  

and  decreased  in  concentration  repeatedly  and  also  that 

the increases and  decreases corresponded  with  particular 

phases o the cel l  cycle.  He  named  the  protein  cycl in.  This 

and  other cycl ins were ound  to  be key  parts o the control  

o the cel l  cycle.  Tim Hunts discovery  was partly  due to  

luck but it was also due to  being observant and  real izing the 

signicance o an  unexpected  observation.

TUMOUR FORMATION
Oncogenesis  is  the ormation  o tumours.  The process starts 

with  mutations in  genes involved  in  the  control  o the cel l  

cycle  cal led  oncogenes .  Mutations have to  occur in  several  

oncogenes in  the same cel l  or control  to  be lost.  The chance 

o this is very  smal l  but the  body  contains bi l l ions o cel ls,  

any  one o which  could  have mutations in  its oncogenes,  so  

the overal l  risk is signicant.  

Anything that increases the chance o mutations wil l  

increase the risk o tumour ormation.  Some chemical  

substances cause mutations.  These chemicals are cal led  

mutagens.  Ionizing radiation  also causes mutations and  

thereore  tumours.

When  control  o the cel l  cycle  has been lost a  cel l  undergoes 

repeated  uncontrol led  divisions that produce a  mass o cel ls 

cal led  a  primary  tumour.  Primary  tumours  are  oten  benign  

because they  do  not grow rapidly  and  do not spread,  but 

others are mal ignant because cel ls become detached  rom 

them, are  carried  elsewhere in  the body  and  there  develop 

into  a  secondary tumour.  

The spreading o cells to  orm tumours in  a  diferent part o 

the body  is known as metastasis.  Patients with  secondary  

tumours are said  to  have cancer and unless the tumours are 

successully  treated they  are l ikely  to  lead to a  patients death.

SMOKING AND CANCER 
There is a  positive correlation  between  cigarette smoking 

and  the death  rate due to  cancer.  The more cigarettes 

smoked  per day  the higher the chance o developing cancer 

o the  lung and  some other organs.  

Although this correlation  does not by  itsel prove that 

smoking causes cancer,  there is a lso evidence that 

chemicals in  tobacco smoke are mutagenic and  thereore  

carcinogenic  (cancer-causing) .  The best health  advice that 

can  be given to  anyone is Dont smoke.
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Questions  cell  biology
1.  The micrograph  below shows a  transverse section  o part o 

an  animal  cel l .

a)  Identiy  the organel les label led  X and  Y.  [2]

b)  The maximum actual  d iameter o Y is 2  m. Calculate 

the  magnication  o this organel le  in  the electron  

micrograph.  [2]  

c)  Determine,  with  two reasons,  whether the  cel l  is  

prokaryotic or eukaryotic.  [2]

d)  From evidence in  the electron  micrograph,  deduce 

two substances that were being synthesized  in  large 

quantities by  this cel l .  [2]

e)  The dark granules in  the  cel l  are  glycogen.  Explain  the 

conclusions that you  draw rom this inormation.  [2]

X

Y

2. The table  below gives the results o an  experiment in  which  

samples taken rom a  potato tuber were bathed  in  solutions 

with  diferent concentrations o sucrose.  

Concentration  o 

sucrose (mol  dm- 3 )
0.0 0.2 0.4 0.6

Initial  mass (g) 22.2 23.7 21.8 22.5

Final  mass (g) 18.7 21.3 22.4 25.9

Mass change (g) -3.5 +3.4

% mass change -16%

a)  Complete the table  by  calculating the missing mass 

changes and  percentage mass changes.  [3]

b)  Draw a graph to display the percentage mass changes. [4]

c)  ( i)     Estimate the osmolarity  o the potato tissue.  [1]

 ( i i)   Explain  the reasons or your estimate.  [2]

3.  The reeze-etched  scanning electron  micrograph  below 

shows part o a  cel l .  

a)  Identiy  three organel les in  the micrograph.  [3]  

b)  Outl ine the model  o membrane structure proposed   

by  Davson  and  Daniel l i .  [2]

c)  Explain  the  evidence visible  in  the micrograph  that 

alsied  the  DavsonDaniel l i  model .  [3]

d)  Outl ine  one other type o evidence that could  not be 

reconciled  with  Davson  and  Daniel l i s model .  [2]

4.  a)  Identify  the stage of mitosis in  cel ls I  to  IV.  [4]

I I I I I I IV

b)  Calculate the mitotic index o the root tissue in  the 

micrograph.  [4]

c)  State two processes that must  occur in  a  plant cel l  

beore it starts mitosis.  [2]
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2 M o le c u l ar  B I o lo G Y

Ms t mtbism

VITALISM  AND MOLECULAR BIOLOGY
There are signicant diferences between l iving and  non-

l iving things,  so  at one time it was bel ieved  that they  must 

be made o d iferent materials.  I t was thought that l iving 

organisms were composed  o organic chemicals that could  

only  be produced  in  l iving organisms because a  vital  orce 

was needed.  This was known as the thy  f vitism  and  it 

was alsied  by  a  series o d iscoveries,  including a  method  

o synthesizing urea  articial ly.  

Biologists now accept that l iving organisms are governed  

by  the same chemical  and physical  orces as in  non-living 

matter.  The science o m bigy  aims to explain l iving 

processes in  terms o the chemical  substances involved.  

Since the discovery o the structure o DNA in  the 1950s 

molecular biology has been tremendously  successul  and  

many processes have now been explained in  molecular terms.  

No vital  orce has been  discovered  and  a  better answer to  

the question  o what makes l iving organisms diferent rom 

non-l iving matter is nt  stin .

ATOMS AND MOLECULES
An tm  is  a  single  particle  o an  element,  consisting o 

a  positively  charged  nucleus surrounded  by  a  cloud  o 

negatively  charged  electrons.  A m  is  a  group o two or 

more atoms held  together by  vnt bnds.  These can  be 

single,  double or even  occasional ly  triple  covalent bonds.  

In  simple  diagrams to  show the structure o a  molecule,  the 

atom o an  element is shown using the elements symbol  

and  a  covalent bond  with  a  l ine.  

Examples of molecular diagrams

H C

H H

H H

C O H

O C O N N CH N

  ethanol  carbon nitrogen  hydrogen 

    d ioxide  cyanide

Nitrogen is an  mnt  but the other three molecules are 

mpnds  as two elements are bonded  together.

 The molecules used  by  l iving organisms are based  on carbon.  

Each  carbon atom orms our covalent bonds, al lowing a  great 

diversity  o compounds to exist.  Other elements used  in  

molecules mostly  orm ewer covalent bonds:

Bonds Element Symbol

One Hydrogen H

Two Oxygen O

Three Nitrogen N

Four Carbon C

Covalent bonds are relatively  strong,  so  molecules can  

be  stable  structures.  Much weaker bonds orm between  

molecules.  They  are cal led  intm fs .  

The main  types o molecule used  by  l iving organisms are 

carbohydrates,  l ipids,  proteins and  nucleic acids.  

SYNTHESIS OF UREA
Urea  was discovered  in  human urine in  the 18th  century.  I t is  

an  organic compound  with  this structure:  

NH2H2N

C

O

According to  the theory  o vital ism it was predicted  that urea  

could  only  be made in  l iving organisms because it was an  

organic compound,  so  a  vital  orce was needed.  

In  1828 the German chemist Friedrich  Whler synthesized  

urea  articial ly  using si lver isocyanate  and  ammonium 

chloride.  This was the rst time that an  organic compound  

had  been  synthesized  articial ly.  I t helped  to  alsiy  the 

theory  o vital ism but did  not d isprove it completely.  

Scientic theories are  rarely  abandoned  until  several  pieces 

o evidence show that they  are alse.  

METABOLISM
Metabol ism is the web o al l  the enzyme-catalysed  reactions in  a  cel l  or 

organism. Most mtbi pthwys  consist o chains o reactions (below)  but 

there are also some cycles o reactions (right) .  

anbism  is  the synthesis o complex molecules rom simpler molecules.  

Living organisms produce mms  (very  large molecules)  

rom smaller single  sub-units cal led  mnms.  Anabol ic reactions are 

ndnstin tins  because water is produced.  

ctbism  is  the breakdown o complex molecules into  simpler molecules 

including the  hydrolysis o macromolecules into  monomers.  In  hydysis 

tins  water molecules are spl it.  

intermediate

intermediate

intermediate

end  product/substrate

intermediate

intermediate

substrate

product

initial  intermediate intermediate intermediate intermediate end

substrate substance substance substance substance product
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Watr 

THERMAL PROPERTIES OF METHANE AND WATER COMPARED
The signicance o hydrogen  bonding in  water can  be i l lustrated  by  comparing the properties o water (H

2
0)  with  those o 

methane (CH
4
)   a  substance with  a  similar molecular mass that has weaker intermolecular orces,  not hydrogen  bonds.

Proprty Mthan Watr explanation

Melting point -182 C 0 C Ice melts at a  much higher temperature:  hydrogen bonds restrict the 

movement o water molecules and  heat is needed  to  overcome this.  

Specic heat 

capacity  

2.2  J  per g 

per C

4.2  J  per g per 

C

Waters heat capacity  is higher:  hydrogen bonds restrict movement so  

more energy  is stored  by  moving molecules o water than  methane.

Latent heat o 

vaporization

760 J/g 2257  J/g Water has a  much higher heat o vaporization: much heat energy is needed  

to break hydrogen bonds and al low a  water molecule to evaporate.  

Boil ing point -160 C 100 C Waters boil ing point is much higher:  heat energy  is needed  to  break 

hydrogen  bonds and  al low water to  change rom a  l iquid  to  a  gas.

POLARITY OF WATER
Covalent bonds are  ormed  when two atoms share a  pair o 

electrons.  In  some cases the nucleus o one o the  atoms 

is more attractive to  the electrons than  the other so the 

electrons are  not shared  equal ly.  The consequence o this 

is that part o the molecule has a  sl ight positive charge and  

another part has a  sl ight negative charge.  This eature o a  

molecule is cal led  polarity .

Water molecules are polar.  Hydrogen nuclei  are less attractive 

to electrons than oxygen nuclei  so  the two hydrogen atoms 

have a  sl ight positive charge and  the oxygen atom has a  

sl ight negative charge.  Water molecules have two poles and  

thereore are dipoles  they  show dipolarity .

hydrogen  pole  is

sl ightly  positive

oxygen  pole  is

sl ightly  negative

H

H

O

HYDROGEN  BONDING IN  WATER
An intermolecular bond  can  orm between  the  positive  pole  

o one water molecule  and  the negative pole  o another.  This 

is cal led  a  hydrogn bond .  In  l iquid  water many  o these 

bonds orm, giving water properties that make it a  very  

useul  substance or l iving organisms. 

As with any chemical bond, energy is released when a hydrogen 

bond is made and used when a hydrogen bond is broken. For 

example, when a water molecule evaporates, hydrogen bonds 

between it and other water molecules must be broken. Heat energy  

is used to do this, explaining the use o sweat as a coolant    

evaporation o water rom sweat removes heat rom the body.

H

hydrogen

bond

H
H

H OO

TRANSPORT IN  BLOOD
Blood transports a variety o substances. Most are 

transported in the blood plasma which contains 

many dierent solutes. The mode o transport o a  

substance depends on its solubility in water.

  Sodium chloride is soluble  in  water and  is 

transported  dissolved  in  the  plasma as Na+  

and  Cl  ions.  

  Glucose and  amino acids are polar and  so  

can  be transported  dissolved  in  the plasma.

  Oxygen is non-polar and  the  amount that 

d issolves in  the plasma is insufcient so  

red  blood  cel ls are needed  with  hemoglobin  

to  which  oxygen binds.

  Cholesterol  and  ats are non-polar and  

insoluble  in  water so  they  are  transported  

in  small  droplets cal led  l ipoprotins.  The  

cholesterol  and  ats are inside,  coated  by  

phosphol ipids and  proteins.  

SOLUBILITY IN  WATER
Some substances are attractive 

to water and orm intermolecular 

bonds with water molecules. These 

substances are hydrophilic.  

Ionic compounds and  substances 

with  polar molecules are 

hydrophil ic.  Many  hydrophil ic 

substances d issolve in  water 

because their ions or molecules 

are more attracted  to  water than  to  

each  other.  

I a  substance is not hydrophilic 

it is said  to be hydrophobic.  This 

does not mean that it is repelled  

by  water, but that water molecules 

are more strongly  attracted  

to each other than to the non-

polar molecules o hydrophobic 

substances. Hydrophobic 

substances are thereore insoluble in  water.  

+ -

Ions with  positive or negative  charges

dissolve as they  are  attracted  to  the

negative  or positive poles of water

molecules.    

Many molecules are polar so are

attracted to water molecules and dissolve.  
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Wtr nd l i 

PROPERTIES OF WATER
Water is very  common on  Earth  but has some unusual  properties.  These properties can  be explained  using the theories o 

d ipolarity  and  hydrogen bonding.  This is a  good  example o one o the distinctive eatures o science  theories being used  to  

explain  natural  phenomena.  The remarkable properties o water make it so  useul  in  many  ways to  l iving organisms that l ie  

could  not exist without i t.  Waters uses as a  coolant and  as a  transport medium in  blood  were described  on  the  previous page.

Typ o 

proprty

explntion in  trms o hydrogn 

bonding nd dipolrity

exmpl o   bnft to l iving orgnisms

cohsiv Water molecules ohr  (stick to  each  

other)  because o the hydrogen  bonds 

that orm between them. 

Strong pul l ing orces can  be  exerted  to  suck columns o water 

up  to  the tops o the  tal lest trees in  tubes cal led  xylem vessels.  

These columns o water rarely  break despite  the suction  orces.

adhsiv The d ipolarity  o water molecules 

makes them adhere to  suraces that 

are polar and  thereore hydrophil ic.

Adhesive orces between water and  cel lu lose in  cel l  wal ls in  the 

lea cause water to  be  drawn out o xylem vessels,  keeping the 

cel l  wal ls moist and  able  to  act as a  gas exchange surace.

Thrml Due to  hydrogen  bonding,  water has 

high  melting and  boil ing points,  h igh  

latent heat o vaporization  and  high  

specic heat capacity.  

These thermal  properties cause water to  be l iquid  in  most 

habitats on  Earth,  making it suitable  or l iving organisms. The 

high  specic heat capacity  makes its temperature change 

relatively  slowly  so it is  a  stable  habitat.  The  high  heat o 

vaporization  makes it an  efective coolant in  leaves or in  sweat.  

Solvnt Many  substances dissolve in  water 

due to  its polarity,  including those 

composed  o ions or polar molecules.

Most chemical  reactions take place with  al l  o the substances 

involved  in  the reaction  dissolved  in  water,  so  water is the 

medium or metabol ic reactions.

CONDENSATION  REACTIONS
In a  condensation  reaction  two molecules are joined  together to  orm a  larger molecule plus a  molecule  o water.  Anabol ic 

reactions are condensation  reactions.  A single  sub-unit is  a  monomr  and  a  pair o monomers bonded  together is a  dimr.  A long 

chain  o monomers is a  polymr.  

For example,  two amino acids can  be  joined  together to  orm a  dipeptide by  a  condensation  reaction.  Further condensation  

reactions can  l ink amino acids to  either end  o the dipeptide,  eventual ly  orming a  chain  o many  amino acids.  This is cal led  a  

polypptid.  The new bond  ormed  to  l ink amino acids together is a  pptid bond .  

Condensation  o two amino acids to  orm a  dipeptide and  water

H

H

N C

R

H

C

O

OH

H

N

H

O

 +  H
2
OC

R

H

C

O

OH

H

H

N C

R

H

C N C

R

HH

C

O

OH

Condensation  reactions are  used  to  build  up carbohydrates and  l ipids.  

  The basic sub-units o carbohydrates are  monoshrids .  Two monosaccharides can  be l inked  to  orm a  dishrid  plus 

water and  more monosaccharides can  be l inked  to  a  d isaccharide to  orm a  large molecule cal led  a  polyshrid.

  Fatty  acids can  be l inked  to  glycerol  by  condensation  reactions to  produce l ipids cal led  glyrids.  A maximum o three atty  

acids can  be l inked  to  each  glycerol ,  producing a  triglyrid plus three water molecules.

HYDROLYSIS REACTIONS
Hydrolysis reactions are the reverse o condensation  reactions.  In  a  hydrolysis reaction  a  large molecule is broken down 

into smal ler molecules.  Water is used  up in  the process.  Water molecules are spl it into  H  and  OH  groups,  hence the name 

hydrolysis (lysis  = spl itting) .  The H  and  OH  are needed  to  make new bonds ater a  bond  in  the large molecule has been 

broken.  Catabol ic reactions are hydrolysis reactions,  including those used  to  digest ood.  

Examples:

polypeptides +  water   d ipeptides or amino acids

polysaccharides +  water   d isaccharides or monosaccharides

glycerides +  water   atty  acids +  glycerol
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carbohydrates

MONOSACCHARIDES
Monosaccharides are sugars that consist o a  single  sub-unit 

(monomer) .  They  contain  only  atoms o carbon,  hydrogen 

and  oxygen  in  the ratio  1 :2:1  so  ribose  or example is C
5
H

1 0
O

5
 

and  gluose  is C
6
H

1 2
O

6
.  Ribose and  glucose are important 

molecules so  it is  useul  to  be able  to  draw and  recognize 

their molecular structure.  They  share certain  eatures:

C

O

CC

OH

C

OH

A ring of atoms a l l  

of which  are carbon  

apart  from one oxygen

A side chain  of a  carbon  atom

with  one OH  and  two H  groups

A single  H  group

on  the carbon

atom to  which  

the  side  chain  is

attached

    Carbon  atoms

    in  the ring that

    do  not  have a

side chain  attached  each

have one H  and  one OH  group

OHH H H

HC

OH

H

H

The molecule shown in  the diagram above is D-ribose.  The D  

indicates that this is the right-handed  version  o ribose.  Let-  

and  right-handed  versions o ribose and  glucose can  exist 

but l iving organisms use only  the right-handed  versions 

(D-ribose and  D-glucose) .

-D-glucose -D-glucose

CH2
OH

C O

C

CC

C
OH

H

H

OH

H

OH

H

OH

H

CH2
OH

C O

C

CC

C
OH

H

H

OH

H

OH

OH

H

H

DISACCHARIDES
Pairs o monosaccharides are l inked  together by  

condensation  to  orm disaccharides.  Glucose,  galactose and  

ructose are monosaccharides that are commonly  used  to  

make disaccharides:

glucose +  glucose  maltose +  H
2
O

glucose +  galactose  lactose +  H
2
O

glucose +  ructose  sucrose +  H
2
O

Disaccharides are sugars.  Their molecules can  be recognized  

by  the  double ring structure.  

POLYSACCHARIDES
The polysaccharides cel lu lose,  glycogen  and  starch  are al l  

composed  o glucose.  To  help describe their structure,  a  

numbering system or the  carbon atoms in  glucose is used:  

C O

C

CC

C
OH

H

H

OH

H H

OH OH

CH2OH

H
1

2

3

4

5

6

The basic l inkage between the glucose subunits is a  

glycosidic bond  rom C
1
 o a  glucose to  C

4
 o the next,  but 

some polysaccharides also have some 1 ,6 glycosidic bonds,  

giving them a  branched  structure.

1. cellulose  is an unbranched polymer o -D-glucose. The 

orientation o the glucose units alternates (up-down-up and  

so on) , which makes the polymer straight rather than curved,  

and al lows groups o cellulose molecules to be arranged  

in  paral lel  with  hydrogen bonds orming cross l inks. These 

structures are cel lulose microfbrils. They  have enormous 

tensile strength and  are the basis o plant cel l  wal ls.

CH
2
OH

CH
2
OH

H H

OH

H

O

O

O HOH

OH

H

H

H

H OH H

O

HH
O O

CH
2
OH

CH
2
OH

H H

OH

H

O

O

HOH

OH

H

H

H OH HO

O

HH

CH
2
OH

OH

H

O

OH

H

H

2. Starh  is a  polymer o -D-glucose, with all  o the glucose 

subunits in  the same orientation, giving the polymer a  

helical  shape. There are two orms o starch: amylose  has 

only  1,4 l inkages so is unbranched, whereas amylopetin  

has some 1,6 l inkages so is a  branched molecule (below) .

CH
2
OH

H HO

H

OHH

OH H

CH
2
OH

H HO

H

OHH

O

OH H

CH
2

HO

H

OHH

OH H

O O

CH2OH

H HO

H

OHH

OH H

H

O

CH
2
OH

H HO

H

OHH

OH H O

CH
2
OH

H HO

H

OHH

OH HO O

CH
2
OH

H HO

H

OHH

OH H O

Starch  is used  by  plants to  store glucose in  an  insoluble 

orm that does not cause osmotic problems. By  making 

the  molecule  branched  it is  possible  to  load  or unload  

glucose more rapidly  as there are more points on  starch  

molecules to  which  glucose can  be added  or detached.

3.  Glyogen  is similar in  structure to  amylopectin   it is  a  

branched  polymer o -D-glucose.  There are more 1 ,6  

l inkages than  in  amylopectin  so it is more branched.  

Glycogen is used  by  mammals to  store glucose in  l iver 

and  muscle cel ls.  Because glycogen is insoluble,  large 

amounts can  be stored  whereas i glucose was stored  

it would  cause water to  enter the cel ls by  osmosis and  

there would  be a  danger o them bursting.  
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MOLECULAR VISUALIZATION  SOFTWARE
Computer programs are  

used to produce images 

o molecules. The most 

widely  used molecular 

visualization sotware 

is JMol, which can be 

downloaded ree o charge.  

There are also many  

websites that use JMol,  

which are easy to use.  

You  should  be able  to  

make these changes to  

the image o a  molecule 

that you  see on  the 

screen:

  Use the scrol l  unction  

on  the mouse to  make 

the  image larger or 

smal ler.

  Let cl ick and  move the 

mouse to  rotate the 

image.

  Right click to display a  

menu that allows you  

to change the style  

o molecular model,  

label  the atoms, make 

the molecule rotate  

continuously or change 

the background colour.

Examples o JMol  images 

o polysaccharides:

Amylose (the unbranched  orm o starch)

Glycogen or amylopectin  (the  branched  

orm o starch)

Cel lulose

Molecular visualization of polysaccharides

HYDROGEN  BONDING IN  CELLULOSE
Molecular visualization can  

be used to show interactions 

between molecules. This 

image shows how cellulose 

molecules consisting o 

chains o -D-glucose can  

orm a  paral lel  array, with  

hydrogen bonding at regular 

intervals both within each  

molecule and between 

molecules. This structure 

occurs in  the cel lulose 

microfbrils o plant cel l  walls.  

Because the chains o 

-D-glucose in  starch  and  

glycogen are hel ical ,  they  

cannot become al igned  in  a  

paral lel  array  so  hydrogen 

bonds do not orm.
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lipids

LIPIDS
Lipids are carbon  compounds made by  l iving organisms that 

are mostly  or entirely  hydrophobic.  There  are  three main  

types o l ipid:

1 .  Trigyerides  are  made rom three atty  acids and  one 

glycerol  by  condensation  reactions so they  have three 

hydrocarbon  tails.  Fats and  oi ls are triglycerides.  

2.  Phosphoipids  are  similar to  triglycerides but only  have 

two atty  acids l inked  to  glycerol ,  with  a  phosphate group 

instead  o the third  atty  acid.  Phosphol ipids are only  

partly  hydrophobic and  orm the basis o membranes.

3.  Steroids  a l l  have a  similar structure o our used  rings in  

their molecule.  Cholesterol ,  progesterone,  estrogen  and  

testosterone are al l  steroids.  

Molecules can  be identied  as l ipids i they  have two or 

three hydrocarbon chains or the quadruple ring structure 

o steroids.  Hydrocarbon  chains are oten  shown simply  

as a  zigzag l ine in  molecular d iagrams o l ipids and  rings o 

carbon  atoms are shown as hexagons or pentagons.

H C

H

OH

HC

H

OH

C

H

OH  

glycerol

glycerol

triglyceride

H3C

H3C

H3C

O
O

O

O

O

O

Triglyceride  the atty  acid  tai ls are fexible  and  can  

change position

OC

O

CH2

OC

O

CH

CH2 O P

O

O
-

glycerol

phosphatePhosphol ipid

fatty  acids

O
-

CH3

CH3 H

OH

O

HH

Testosterone  a  steroid   

DRAWING FATTY ACIDS
There are two parts to  a  atty  acid:  

a  carboxyl  group that is acidic,  which  is 

shown as 

-COOH  or:

O

OH

C

and  an  unbranched  hydrocarbon chain,  

which  can  either be shown in  ul l  (right)  

or in  a  brieer orm,

-CH
2
- (CH

2
)
n
-CH

3
 

The atty  acid  shown right is saturated  as 

al l  the carbon atoms in  the molecule are 

l inked  to  each  other by  single  covalent 

bonds,  so  the molecule holds as much 

hydrogen  as possible.  I t is useul  to  be 

able  to  draw the structure  o a  saturated  

atty  acid  such  as this and  also to  

recognize other types o atty  acid.  

TYPES OF FATTY ACID
Fatty  acids vary  in  the number o carbon atoms in  the 

hydrocarbon  chain  and  in  the  bonding o the carbon atoms to  

each  other and  to  hydrogens.  

Satrated    a l l  o the carbon atoms in  the  chain  are 

connected  by  single  covalent bonds so the number o 

hydrogen atoms bonded  to  the carbons cannot be increased.  

unsatrated    contain one or more double bonds between 

carbon atoms in  the chain,  so more hydrogen could  be bonded  

to the carbons i a  double bond  was replaced by  a  single bond.

Unsaturated  fatty  acid

(natural ly  occurring ones have more carbon  atoms)

H C

H

H

H H H O

OH
H

CC

H

H
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H

H

C

H

C

H

C C

Mononsatrated    only  one double bond.

Poynsatrated    two or more double bonds.

The position  o the nearest double  bond  to  the CH
3
 terminal  

is  signicant.  In  omega-3  atty  acids,  it is the third  bond  rom 

CH
3
,  whereas in  omega-6 atty  acids it is  the  sixth.

cis nsatrated    hydrogen atoms are bonded  to  carbon  

atoms on  the same side o a  double  bond.

Trans nsatrated    hydrogen  atoms are bonded  to  carbon 

atoms on  opposite  sides o a  double bond.

cis trans
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(number of carbon
 atoms and  bonding

 between  carbon

 atoms varies)
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lipids and hath  

HEALTH  RISKS OF TRANS-FATS AND SATURATED FATTY ACIDS 
Trans-fats  are  mostly  articial ly  

produced  but their use is now banned  

in  some countries.  There is a  positive 

correlation  between amounts o trans-

at consumed and  rates o oronary  

hart disas (cHD) .  Other risk actors 

have been tested,  to  see i they  can  

account or the correlation,  but they  do 

not.  Trans-ats thereore probably  do 

cause CHD.  In  patients who died  rom 

CHD,  atty  deposits in  the diseased  

arteries have been  ound  to  contain  high  

concentrations o trans-ats,  which  gives 

more evidence o a  causal  l ink.

Saturatd  fatty  acids occur natural ly  

in  animal  ats and  some vegetable oi ls.  

A positive correlation  has been ound  

between saturated  atty  acid  intake and  

rates o CHD in  many  research  programs, 

but there are populations that do not t 

the correlation,  such  as the Maasai  o 

Kenya  that have a  d iet o oods rich  in  

saturated  ats yet CHD is very  rare.  I t is  

possible  that the actual  cause o CHD  is 

not saturated  at i tsel but another actor 

correlated  with  saturated  at intake,  

such  as low amounts o d ietary  bre.  

evauation of vidn  is an important 

process in  science, especially  with  

correlations between at intake and health  

risks. Correlations are statistical  l inks that 

may or may not be due to causation, so  

a  positive correlation between saturated  

at intake and rates o CHD does not prove 

that saturated ats cause CHD. Surveys 

based on large sample sizes are more 

trustworthy. Eects o actors other than  

the one being investigated should  have 

been taken into account in  the analysis.  

Results rom a  single survey should be 

treated with caution.

ENERGY STORAGE
Fats or oils (l ipids)  and glycogen or starch (carbohydrates)  are 

both used  by  l iving organisms as stores o energy. The seeds 

o plants contain  starch or oil .  In  humans there are stores o 

glycogen in  the l iver and  muscles o at in  adipose tissue.  

There are advantages in  using l ipids rather than  carbohydrate 

or long-term energy  storage.  The amount o energy  released  

in  cel l  respiration  per gram o l ipids is double  the  amount 

released  rom a  gram o carbohydrates.  The same amount o energy  stored  as l ipid  rather than  carbohydrate thereore  adds 

hal as much  to  body  mass.  In  act the mass advantage o l ipids is even greater because ats orm pure droplets in  cel ls with  no 

water associated,  whereas each gram o glycogen is associated  with  about two grams o water,  so  l ipids are actual ly  six times 

more ecient in  the amount o energy  that can  be stored  per gram o body  mass.  This is important,  because we have to  carry  our 

energy  stores around  with  us wherever we go.  I t is even more important or animals such as birds and  bats that fy.

glycogen  granules in  l iver at droplets in  adipose cel l

BODY MASS INDEX
It is not possible  to  assess whether a  persons body  mass 

is at a  healthy  level  simply  by  weighing them, because 

o natural  variation  in  size between adults.  Instead,  body  

mass index is calculated.  The units or BMI  are kg/m2.

 BMI  =    
mass in  ki lograms

  ____  
 (height in  metres)  2  

  

The table  below can  be used  to  draw conclusions rom a   

persons BMI .  

Body mass index Conclusion 

below 18.5   underweight

18.524.9   normal  weight

25.029.9   overweight

30.0  or more  obese

BMI  can  also be 

worked  out using a  

nomogram (right)  

A ruler is used  to  

make a  straight l ine 

l inking mass and  

height and  BMI  can  

be read  o rom the central  scale.  
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amino cids nd polypeptides

DRAWING AMINO  ACIDS
Amino acids have a  central  carbon atom with  our diferent 

atoms or groups l inked  to  it:  

  hydogen  atom 

  mine  group (-NH
2
)

  cboxyl  group (-COOH)

  r goup  or radical  (R) .

AMINO ACID  DIVERSITY
The R-group o amino acids is variable.  Amino acids with  

hundreds o d iferent R-groups could  be produced  in  the 

laboratory,  but most l iving organisms include only  twenty  o 

them in  the  polypeptides synthesized  by  their ribosomes. 

The same twenty  amino acids are used.  Trends such  as 

this are  oten  signicant in  science.  In  this case the use o 

the same repertoire  o amino acids is one o the pieces o 

evidence supporting the theory  that al l  l iving organisms 

share common ancestry.

There are a  ew discrepancies in  the trend.  Two other 

amino acids are  included  in  a  ew polypeptides.  These 

are selenocysteine and  pyrrolysine.  Only  a  minority  o 

polypeptides in  a  minority  o organisms contain  either 

o these amino acids.  In  both  cases special  mechanisms 

are needed  to  incorporate them into polypeptides and  it 

is  more l ikely  that these mechanisms evolved  ater the 

basic method  o making polypeptides rom the twenty  

amino acids.  The two extra  amino acids are thereore extra  

variations rather than  a  alsication  o the theory  that there 

are twenty  basic amino acids in  al l  organisms.

PEPTIDE BONDS AND POLYPEPTIDES
Amino acids are  l inked  together by  condensation  reactions.  

This is shown on  page 19.  The new bond  ormed  between  the 

amine group o one amino acid  and  the  carboxyl  group o the 

next is a  peptide bond.  

 

N

H

R2

H

CC

O

C

R1

H

peptide bond

A molecule consisting o two amino acids l inked  together is a  

d ipeptide.  Polypeptides consist o many  amino acids l inked  

by  peptide bonds.  

POLYPEPTIDES AND PROTEINS
  A polypeptide  is  an  unbranched  chain  o amino acids.  

  The number o amino acids is very  variable  and  can  be 

over 10,000,  though most have between 50 and  2,000 

amino acids.

  Chains o ewer than  40 amino acids are usual ly  cal led  

peptides  rather than  polypeptides or proteins.  

  Amino acids can  be  l inked  together in  any  sequence 

giving a  huge range o possible  polypeptides.  I  we 

consider a  polypeptide with  100 amino acids,  the number 

o possible  sequences is 201 0 0 ,  which  is an  almost 

unimaginably  large number.  

  Only  a  smal l  proportion  o the possible  sequences o 

amino acids are  ever made by  l iving organisms. 

  Particular sequences are made in  very  large quantities 

because they  have useul  properties.  

  Over two mil l ion  polypeptides have so ar been 

discovered  in  l iving organisms.

  The amino acid  sequence o a  polypeptide is coded or 

by  a  gene.  The sequence o bases in  the DNA o the gene 

determines the sequence o amino acids in the polypeptide.  

  A potein  consists either o a  single  polypeptide or more 

than  one polypeptide l inked  together.

PROTEINS AND PROTEOMES
A poteome  is  a l l  o the  proteins produced  by  a  cel l ,  a  tissue 

or an  organism. By  contrast,  the genome is al l  o its genes.  

Whereas the genome o an  organism is xed,  the proteome 

is variable  because diferent cel ls in  an  organism make 

diferent proteins.  Even in  a  single  cel l  the proteins that are  

made vary  over time depending on  the cel l s activities.  

Proteins that are  extracted  rom a  tissue can  be separated  

in  a  sheet o gel  by  electrophoresis and  identied.  This 

example shows proteins in  the legume Medicago trunculata .

Within  a  species there  are  strong similarities in  the proteome 

o al l  individuals but also d iferences.  The proteome o 

each  individual  is  unique,  partly  because o d iferences o 

activity  but also because o smal l  d iferences in  the amino 

acid  sequence o proteins.  With  the  possible  exception  o 

identical  twins,  none o us have identical  proteins,  so  each  o 

us has a  unique proteome.  Even  the proteomes o identical  

twins can  become diferent with  age.

H

N

H

C C

O

OH

R

H

amino acids

(each  of the  twenty  amino acids in  proteins

has a  d ierent  R  group)
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Protein  structure and function

PROTEIN  

CONFORMATIONS
  The  conormation  o a  protein  is 

i ts  three-dimensional  structure.  

  The  polypeptides o most proteins 

are  olded  up  to  produce  a  

globular shape.  

  The  sequence o amino  acids in  a  

polypeptide  determines how this 

old ing is  done  and  so  determines 

the  conormation  o a  protein.  

  Each  time a  polypeptide  with  a  

particu lar sequence o amino 

acids is  synthesized  on  a  

ribosome,  the  conormation  wi l l  

tend  to  be  precisely  the  same. 

  The  structure  is  stabi l ized  by  

intramolecular bonds between  the  

amino  acids in  the  polypeptides 

that are  brought together by  the 

old ing process.

The  image above represents the 

conormation  o a  protein .  I t shows 

the  sodiumpotassium  pump and  

the  position  o the  membrane where 

i t is  located .  

Th is  is  an  example  o a  protein  

that switches reversibly  between  

a l ternative  conormations.  I t a l lows 

the  sodiumpotassium  pump to  

pick up  ions rom one  side  o the 

membrane and  d ischarge  them on  

the  other side.

FUNCTIONS OF PROTEINS
Living organisms synthesize many  diferent proteins with  a  wide range o 

unctions.  Six examples are given  here.

1 .  Rubisco  is  the  enzyme  wi th  an  active  si te  that cata lyses the  photosynthesis 

reaction  that ixes carbon  d ioxide  rom  the  atmosphere,  provid ing a l l  the 

carbon  needed  by  l iving organisms to  make  sugars  and  other carbon 

compounds.

2 .  I nsu l in  is  the  hormone  that is  carried  d issolved  in  the  blood  and  binds 

speciica l ly  and  reversibly  to  insu l in  receptors in  the  membranes o body  

cel ls,  causing the  cel ls  to  absorb  glucose  and  lower the  b lood  glucose 

concentration.

3 .  Immunoglobul ins  are  antibodies  that b ind  to  antigens on  pathogens.  The 

immune  system can  produce  a  huge  range  o immunoglobu l ins,  each  with  

a  d ierent type  o bind ing si te,  a l lowing speciic immunity  against many  

d ierent d iseases.

4.  Rhodopsin  is  the  pigment  that makes the  rod  cel ls  o the  retina  l ight-

sensitive.  I t  has  a  non-amino  acid  part ca l led  retinal  that absorbs a   

photon  o l ight and  when  th is  happens the  rod  cel l  sends a  nerve  impulse  

to  the  bra in .  

5 .  Col lagen  is  a  structural  protein .  I t  has three  polypeptides wound  together 

to  orm  a  rope-l ike  conormation  and  is  used  in  skin  to  prevent tearing,  in  

bones to  prevent ractures and  in  tendons and  l igaments  to  give  tensi le  

strength.

6.  Spider si lk is  a  structural  protein  that is  used  to  make  webs or catching 

prey  and  l i el ines on  which  spiders  suspend  themselves.  I t  has very  h igh  

tensi le  strength  and  becomes stronger when  i t is  stretched,  so  resisting 

breakage.  

DENATURATION
The conormation  o most proteins is del icate  and  it can  be damaged  by  various 

substances and  conditions.  This is cal led  denaturation .  

1 .  Heat  causes vibrations within  protein  

molecules that break intramolecular 

bonds and  cause the conormation  to  

change.  Heat denaturation  is almost 

always irreversible.  

 This  can  be  demonstrated  by  heating 

egg white,  which  contains d issolved  

a lbumin  proteins.  The  a lbumins are 

denatured  by  the  heat and  in  their 

new conormation  are  insoluble.  The 

causes the  l iquid  egg white  to  turn  into  a  white  sol id .  

2.  Every  protein  has an  ideal  or optimum 

pH  at which  its conormation  is normal.  

I  the  pH  is increased  by  adding 

alkal i  or decreased  by  adding acid,  

the conormation  o the  protein  may  

initial ly  stay  the same but denaturation  

wil l  eventual ly  occur when the pH  has 

deviated  too  ar rom the optimum. 

This is because the pH  change causes 

intramolecular bonds to  break within  

the protein  molecule.  

 The photograph shows egg white 

mixed  with  hydrochloric acid.
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enzyms

SUBSTRATES AND ACTIVE SITES 
Catalysts speed up chemical  reactions without being changed  

themselves. Living organisms make biological  catalysts called  

nzyms  to  speed  up and control  the rate o the reactions o 

metabolism. Enzymes are globular proteins. A reactant in  an  

enzyme-catalysed reaction is known as a  substrat.  

enzyme
substrate

Enzymes catalyse reactions using a  special  region  cal led  the 

activ sit.  Catalysis only  occurs i the substrates are in  a  

l iquid  so their molecules are in  continual  random motion  and  

there is a  chance o collisions  between the substrates and  

the active site  on  the surace o the enzyme.

enzymesubstrate  complex

Substrate has col l ided  with  the  active  site  on

the enzyme and  has become bound  to  i t

Collisions can result in  binding as the shape and chemical  

properties o the active site complement those o substrates.  

They are chemically  attracted to each other and ft together.  

Molecules other than the substrate do not ft or are not 

attracted so do not bind, making enzymes substrat-spcifc.

enzyme-product  complex

While  bound  to  the  active site  the substrate

has been  converted  into  the products 

The binding o substrates to  the active site  reduces the 

energy  needed  or them to  be converted  into  products.  The 

products  are  released  rom the active site,  reeing it up to  

catalyse the  reaction  with  more substrates.  An  enzyme can  

catalyse its reaction  many  times per second.  

enzyme
products

The products detach  from the active  site,

leaving it  free  for more substrate  to  bind.

IMMOBILIZED ENZYMES
Enzymes are widely  used in industry or catalysing specifc 

reactions. The enzymes are usually immobilizd,  by  attachment 

o enzymes to another material  or into aggregations to restrict 

their movement. Enzyme immobilization has benefts:

1 .  Catalysis can  be control led  by  adding or removing 

enzymes promptly  rom the reaction  mixture.

2.  Enzyme concentrations can  be higher.  

3 .  Enzymes can  be reused,  saving money.  

4.  Enzymes are resistant to  denaturation  over greater 

ranges o pH  and  temperature.  

5 .  Products are not contaminated  with  enzymes.

There are many  methods o enzyme immobil ization:

1 .  attachment to  suraces such as glass (adsorption)

2.  entrapment in  a  membrane or a  gel  (e.g.  a lginate)

3 .  aggregation  by  bonding enzymes together into  particles 

o up  to  0.1  mm diameter.

PRODUCTION  OF LACTOSE-FREE MILK
Lactose is the  sugar in  milk.  I t can  be hydrolysed  into  

glucose and  galactose by  the enzyme lactase.

lactose   
lactase
 _ ____      glucose +  galactose

Lactose-ree milk is produced  either by  adding ree lactase 

to  the milk or by  using lactase that has been  immobil ized  

on  a  surace or in  beads o a  porous material .  The enzyme is 

obtained  rom microorganisms such  as Kluveromyces lactis,  

a  yeast that grows in  milk.

bead

2% calcium

chloride

solution

mixture  of

sodium alginate

and  lactase

syringe

syringe 

barrel

screw-gate

cl ip

glucose

test  strip

alginate beads

containing

lactase

This process can  be  perormed  in  the laboratory  by  making 

alginate beads containing lactase and  putting them into 

milk.  The lactose concentration  o the  milk drops and  the 

glucose concentration  rises.  

Lactose-ree milk has some advantages:

1. Many people are lactose intolerant and cannot drink more 

than about 250 ml o milk per day unless it is lactose-reduced.

2.  Galactose and  glucose are sweeter than  lactose,  so  less 

sugar needs to  be added  to  sweet oods containing milk,  

such  as milk shakes or ruit yoghurt.

3 .  Lactose tends to  crystal l ize during production  o ice 

cream,  giving a  gritty  texture.  Because glucose and  

galactose are more soluble  than  lactose they  remain  

dissolved,  giving a  smoother texture.

4.  Bacteria  erment glucose and  galactose more quickly  

than  lactose,  so  the production  o yoghurt and  cottage 

cheese is aster.
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Factors afecting enzyme activity

FACTORS AFFECTING ENZYME ACTIVITY 
Wherever enzymes are used, it is important that they have the  

conditions that they  need  to work efectively.  Temperature,  

pH  and  substrate concentration al l  afect the rate at which  

enzymes catalyse chemical  reactions. The gures (below and  

right)  show the relationships between enzyme activity  and  

substrate concentration, temperature and pH.

EFFECT OF TEMPERATURE

At  high  temperatures enzymes are

denatured  and  stop working.  This  is

because heat  causes vibrations inside

enzymes which  break bonds needed  to

maintain  the  structure  of the  enzyme.

Enzyme activity  increases as temperature

increases,  often  doubl ing with  every  10C rise.  

This  is  because col l isions between  substrate and

active  site  happen more frequently  at  h igher

temperatures due to  faster molecular motion.

Temperature
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EFFECT OF SUBSTRATE CONCENTRATION

Substrate  concentration
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At  high  substrate 

concentrations

most  of the  active 

sites are  occupied,  

so  raising the  substrate

concentration  has 

enzyme activity.

At  low substrate  concentrations,  enzyme activity

increases steeply  as substrate concentration

increases.  This  is  because random col l isions between

substrate  and  active  site  happen  more frequently

with  higher  substrate concentrations.

EFFECT OF pH
Optimum pH  at

which enzyme

activity  is fastest

(pH  7  is optimum

for most enzymes) .    

Enzyme activity  is  reduced  as pH

decreases from the  optimum because

the conformation  of the enzyme is

a ltered  more  and  more.  Below a  certain

pH  the  acidity  denatures the enzyme

and  it  does not  cata lyse the reaction

at  a l l .    

Enzyme activity  is  reduced  as pH  increases above the 

optimum because the  conformation  of the enzyme is  

a l tered   more  and  more.  Above a  certain  pH  the  a lkal in ity  

denatures the enzyme and  it  does not  catalyse the  

reaction  at  a l l .     

pH
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DESIGNING ENZYME EXPERIMENTS
The efect o temperature,  pH  or substrate concentration  can  

be investigated  experimental ly.  To  design  an  experiment that 

wil l  give rel iable  results these decisions must be made:

1. The independent variable   there should be just one 

independent variable and you choose the levels o it.  

You need a wide enough range  to show all  the trends, or 

example pH  114. Your method should make sure that each  

level  o the variable is maintained as accurately as possible.

2.  The dependent variable    this is the measurement you  

take to  assess the rate o enzyme activity.  S.I .  units 

should  be used.  You  might time how long it takes or the 

substrate  to  be used  up or measure the quantity  o a  

product ormed  ater a  certain  time.  The measurement 

should  be quantitative  and  as accurate  as possible,  or 

example a  time to  the nearest second.  The experiment 

should  be repeated  so  there  are  replicate results  that 

can  be  compared  to  evaluate whether they  are reliable.  

3 . The control  variables  are other actors that could  afect 

enzyme activity. They must be kept constant so that they  

do not cause diferences in the results o the experiment.  

For example, i pH  is the independent variable, temperature 

is a  control  variable and must be kept constant at 20 C or 

some other suitable temperature, using a  water bath.

tube contents mixed when both

have reached target temperature

thermometer

thermostatical ly

control led  water bath

enzyme substrate
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Stuctue of DNa nd rNa 

DRAWING NUCLEOTIDES
DNA and  RNA are the two types o nucleic acid.  They  are both  polymers o sub-

units cal led  nucleotides.  Each  nucleotide  consists o three parts  a  pentose  

sugar,  a  phosphte  group and  a  bse.  In  d iagrams o nucleotides they  are usual ly  

shown as pentagons,  circles and  rectangles,  respectively.  The gure (below)  

shows how the sugar,  the phosphate and  the base are l inked  up in  a  nucleotide.

base

sugar

phosphate

There are two dierences between DNA and  RNA nucleotides.

1 .  The type o pentose is ibose  in  RNA but deoxyibose  in  DNA.

2. In both DNA and RNA there are our possible bases. Three o these are the same: 

denine, cytosine  and gunine. The ourth base is thymine  in DNA but is ucil  in RNA.  

STUCTURE OF RNA AND DNA
There is a  third  dierence between DNA and  RNA  the  

number o strands o nucleotides. RNA usually  has one 

strand  and  DNA usually  has two. The nucleotides in  a  strand  

o DNA or RNA are l inked  together by  covalent bonds between 

the pentose sugar o one nucleotide and  the phosphate o 

the next one. The diagram (right)  shows a  strand  o RNA.  

In  DNA the two strands are  ntipllel    they  run  alongside 

each  other but in  opposite  d irections.  The two strands are 

l inked  by  hydogen  bonding  between  their bases.  Each  

base wil l  only  orm hydrogen  bonds with  one other base,  so  

two base pairs only  are possible:  adenine with  thymine and  

cytosine with  guanine (AT and  CG) .  These are known as 

complementy  bse pis.  The  diagram (ar right)  shows 

the structure o DNA.  This diagram does not show how the 

two strands are  wound  to  orm a  double hel ix,  which  is the 

overal l  shape o a  DNA molecule.

STRUCTURE OF DNA

T A

T A

A T

G C

T A

G C

T A
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G C
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C G

TA
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A

U

C
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MODEL MAKING AND THE DISCOVERY OF THE STRUCTURE OF DNA
Model  making played  a  critical  part in  Crick and  Watsons 

discovery  o the structure o DNA,  but it took several  attempts 

beore they  were successul .  They  used  cardboard  shapes 

to  represent the  bases in  DNA and  ound  that AT and  CG 

base pairs could  be ormed,  with  hydrogen bonds l inking the  

bases.  The base pairs were equal  in  length  so would  t into  a  

molecule between two outer sugarphosphate backbones.  

Other scientists had  produced  X-ray  d iraction  data  showing 

the  DNA molecule  to  be  hel ical .  A fash  o insight was needed  

to  make the  parts o the  molecule  t together:  the  two strands 

in  the  hel ix had  to  run  in  opposite  d irections.  Crick and  

Watson  were then  able  to  bui ld  their amous model  o the 

structure  o DNA.  

They  used  metal  rods and  sheeting cut to  shape and  held  

together with  smal l  clamps.  Bond  lengths were al l  to  scale  and  

bond  angles correct.  The model  immediately  convinced  others 

that it represented  the real  structure o DNA.  Further testing o 

the model  conrmed  this.  



29M o le c u l ar  B I o lo G Y

DNa repliction 

MESELSON  AND STAHL AND DNA REPLICATION
Soon ater the discovery  o the structure o DNA,  strong evidence or semi-

conservative repl ication  was publ ished  by  Meselson and  Stahl .  They  cultured  

E.  coli  bacteria  or many  generations in  a  medium where the only  nitrogen  source 

was 1 5N ,  so  the nitrogen  in  the bases o the bacterial  DNA was 1 5N .  They  then  

transerred  the bacteria  abruptly  to  a  medium with  the less dense 1 4N  isotope.  A 

solution  o caesium chloride was spun in  an  ultracentriuge at 45,000 revolutions 

per minute or 24 hours.  Caesium ions are heavy  so tend  to  sink,  establ ishing a  

gradient with  the greatest caesium concentration  and  thereore density  at the 

bottom. Any  substance centriuged  with  the caesium chloride solution  becomes 

concentrated  at the level  o i ts density.  Meselson and  Stahl  spun  samples o DNA 

col lected  rom their bacterial  culture at d iferent times ater transer to  the 1 4N  

medium. The DNA shows up as a  dark band  in  UV l ight.  Ater one generation  the 

DNA was intermediate in  density  between  1 4N  and  1 5N,  as expected  with  one old  

and  one new strand.  Ater two generations there were two equal  bands,  one sti l l  
1 4N/1 5N  and  one at 1 4N  density.  In  the ol lowing generations the less dense 1 4N  

band  became stronger and  the 1 4N/1 5N  band  weaker.

SEMI-CONSERVATIVE 

REPLICATION
Crick and Watsons model o DNA 

structure immediately suggested  

a method o copying called semi-

conservtive repliction. The two 

strands o the DNA molecule are 

separated by breaking the hydrogen  

bonds between their bases. New 

polymers o nucleotides are assembled  

on each o the two single strands. A 

strand o DNA on which a new strand is 

assembled is called a template strand.  

Because o complementry bse 

piring,  each o the new strands has the 

same base sequence as the old strand  

that was separated rom the template 

strand. The two DNA molecules produced  

in this way are identical  to each other and  

to the original  parent DNA molecule. This 

is semi-conservative replication because 

each o the DNA molecules produced  

has one new strand and one strand  

conserved rom the parent molecule.  

Two alternative theories were rejected:  

conservtive repliction   both strands 

o the parent DNA remain together 

and another molecule is produced  

with 2  new strands and dispersive 

repliction   every molecule produced  

by DNA replication has a  mixture o old  

and new sections in both o its strands.  

0Generations

DNA strand  with  15N

DNA strand  with  14N

14N

15N

1 2 3

STAGES IN  DNA REPLICATION
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Stage 1

Hel icase unwinds the  double  hel ix and  separates

the two strands by  breaking hydrogen  bonds.

Stage 2

DNA polymerase l inks nucleotides together

to form new strands,  using the pre-existing 

strands as templates.

Stage 3

The daughter DNA molecules each

rewind  into  a  double  hel ix.

The two daughter 

DNA molecules are 

identical  in  base 

sequence to  each  

other and  to  the 

parent  molecule,  

because of comple-

mentary  base 

pairing.  Adenine wi l l  

only  pair with  

thymine and  

cytosine wi l l  only  

pair with  guanine.  

Each  of the  new 

strands is  comple-

mentary  to  the  

template  strand  on  

which  it  was made 

and  identical  to  the

other template

strand  
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Transcription  and translation  

RNA POLYMERASE AND TRANSCRIPTION
The sequence o bases in  a  polypeptide is stored  in  a  coded  orm in  the base 

sequence o a  gene.  The frst stage in  the synthesis o a  polypeptide is to  make 

a  copy  o the  base sequence o the gene.  The copy  is made o RNA and  is carried  

to  the ribosomes in  the cytoplasm to  give them the inormation  needed  to  

synthesize a  polypeptide,  so  is cal led  mRNA (messenger RNA) .  The copying o the  

base sequence o a  gene by  making an  RNA molecule is cal led  transcription .  The 

process begins when  the enzyme RNA polymerase binds to  a  site  on  the DNA at 

the start o a  gene.  I t then  carries out al l  o the  stages shown in  the d iagram below. 

Transcription  moves

along in  this  d irection

RNA polymerase

1.
5.  

4.  

3 .  
2 .

1.  RNA polymerase moves along the gene separating the DNA into  two single  

strands.  (Stages 1 ,  2  and  3  are al l  carried  out by  the enzyme RNA polymerase) .

2.  RNA nucleotides are  assembled  along one o the two strands o DNA.  The same 

rules o complementary  base pairing  are  ol lowed  as in  repl ication,  except that 

uracil  pairs with  adenine,  as RNA does not contain  thymine.

3.  The RNA nucleotides are  l inked  together by  covalent bonds between the 

pentose sugar o one nucleotide and  the phosphate o the  next.

4.  The RNA strand  separates rom the DNA strand  as it is  produced  and  is released  

completely  when  the end  o the gene is reached.  

5.  The DNA strands pair up again  and  twist back into  a  double hel ix.

TRANSLATION
Translation  is the synthesis o polypeptides on  ribosomes,  using mRNA and  tRNA. The amino acid  sequence o polypeptides is 

determined  by  mRNA according to the genetic code. The genetic code  that is translated  on  the ribosome is a  triplet code    three 

bases code or one amino acid.  A group o three bases is cal led  a  codon .  Translation  depends on  complementary  base pairing 

between codons on  mRNA and  anticodons on  tRNA.

3.  There  are three binding sites for tRNA molecules on  the large sub-unit  of

the ribosome but  only  two ever bind  at  once.  A tRNA can  only  bind  if it  has the

anticodon  that  is  complementary  to  the  codon  on  the  mRNA.  The  bases on

the codon  and  anticodon  l ink together by  forming hydrogen  bonds,  fol lowing

the same rules of complementary base pairing as in  replication and transcription. 

2.  Transfer RNA molecules

are present  around  the

ribosome in  large numbers.

Each  tRNA has a  specia l

triplet  of bases cal led  an

anticodon  and  carries the

amino acid  corresponding 

to  this anticodon.

4.  The  amino acids carried  by  the tRNA molecules

are  bonded  together by  a  peptide  l inkage.  A d ipeptide

is  formed,  attached  to  the  tRNA on  the right.  The  tRNA

on  the  left  detaches.  The ribosome moves a long the

  mRNA to  the  next  codon.  Another

  tRNA carrying an  amino acid  binds.

  A chain  of three amino acids is

  formed.  These stages are  repeated

  unti l  a  polypeptide is  formed.

smal l  sub-unit

of ribosome

large sub-unit

of ribosome

anticodon

amino acid

direction  of movement

of ribosome

1.  Messenger RNA binds to  a  site  on  

the  smal l  sub-unit  of the  ribosome.  

The mRNA contains a  series of codons

consisting of three bases,  each  of which  

codes for one amino acid.

DNA AND RNA 

SEQUENCES
I the base sequence o a  strand  o 

mRNA is known, the base sequence 

o the DNA strand  rom which  it was 

transcribed  can  be deduced.  

Example:  

mRNA strand:  A    U     C    G     C    U

wil l  have been  transcribed  by  

assembl ing RNA nucleotides on  a  DNA 

strand  with  this sequence:

transcribed  

DNA strand:  T    A    G     C    G     A

In  a  double-stranded  DNA molecule 

the transcribed  strand  is paired  

with  another strand  that has 

complementary  bases.

antisense strand:  T    A    G     C    G     A

sense strand:  A    T    C    G     C    T

The strand  o DNA that is not 

transcribed  has the same sequence 

as the mRNA, apart rom having T in  

place o U ,  so  it is  cal led  the sense 

strand  and  the transcribed  strand  is 

the antisense strand .  
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The genetic code 

First  base
of codon
(5  end)

Second  base of codon  on  messenger RNA
Third  base
of codon  
(3  end)

U
C
A
G

U
C
A
G

U
C
A
G

U
C
A
G

C

C

A

A

G

G

U

U

Phenylalanine
Phenylalanine

Leucine
Leucine

Leucine
Leucine
Leucine
Leucine Prol ine

Prol ine
Prol ine
Prol ine Histid ine

Histid ine

Glutamine
Glutamine

Arginine

Tryptophan
STOP

Cysteine
Cysteine

Tyrosine
Tyrosine
STOP
STOP

Arginine
Arginine
Arginine

Serine
Serine
Serine
Serine

Serine
Serine
Arginine
Arginine

Aspartic acidAlanine

Val ine
Val ine
Val ine
Val ine

Alanine
Alanine
Alanine

AsparagineThreonineIsoleucine
Isoleucine
Isoleucine

Methionine  / START

Threonine
Threonine
Threonine

Asparagine
Lysine
Lysine

Glycine
Glycine
Glycine
Glycine

Aspartic acid
Glutamic acid
Glutamic acid

USING THE GENETIC CODE
The genetic code is a  triplet code  three bases code or one amino acid. A group o three bases is called a  codon .  I  codons consisted  

o two bases there would  only  be sixteen codons (42)   not enough or the twenty  amino acids in  polypeptides. With three bases in  a  

codon there are 64 diferent codons (43) .  This gives more than enough codons to code or the twenty  amino acids in proteins. None o 

the 64 codons are unused. There are two or more codons or most amino acids. The meaning o each codon is shown in  the table.

There is no  need  to  learn  the 

meaning o each  codon,  but it 

is  useul  to  be able  to  use the  

table  to  deduce the sequence 

o amino acids coded  or by  

the base sequence o a  length  

o mRNA.  For example,  the 

sequence CACAGAUGGGUC 

codes or histidine,  arginine,  

tryptophan,  val ine.

The table  can  also be used  to  

nd  the triplets o bases that 

code or an  amino acid.  For 

example,  methionine is only  

coded  or by  the triplet AUG 

and  this triplet is a lso used  as 

the start codon.  

PRODUCTION  OF HUMAN  INSULIN  IN  BACTERIA
Human insul in  is a  protein  that contains just 51  amino acids.  

The gene that codes or insul in  has been transerred  rom 

humans to  the bacterium E.  coli  and  to  other organisms,  to  

produce the insul in  that is needed  to  treat d iabetes.  Details o 

the methods used  or gene transer are  explained  in  Topic 3 .

The amino acid  sequence o the insul in  that is produced  in  

these organisms using the transerred  gene is identical  to  

the  sequence produced  in  humans.  This is because o the 

universlity  of the genetic code    E.  coli  and  humans use the 

same genetic code so each  codon in  the mRNA is translated  

into  the same amino acid  when  insul in  is made.

Al though  the  genetic code  is 

described  as  universal  there  are 

minor variations that occur in  some 

organisms.  For example,  in  some 

yeasts  CUG  codes or serine  rather 

than  leucine.  I n  some  organisms a  

stop  codon  is  used  or a  non-standard  

amino  acid .  

POLYMERASE CHAIN  REACTION
For gene transer procedures, many copies o the desired  gene are needed. I t is also useul  to  be able  to  copy  DNA 

articial ly  when a  sample contains very  small  quantities and  larger amounts are needed or orensic analysis.  

The polymerase chain  reaction  (PCR)  is used  or copying DNA articial ly.  DNA polymerase is used  in  this 

procedure to  copy  the original  molecule  again  and  again,  doubl ing the quantity  with  each  cycle  o repl ication.  

DNA is copied  in  smal l  tubes cal led  eppendors.  By  the end  o PCR there could  be more than  a  hundred  mil l ion  

copies o a  gene in  a  0.2  ml  eppendor.

To speed  up PCR it is carried  out at high temperatures. A special  type o heat-stable DNA polymerase has to be 

used: Tq DNa polymerse.  This enzyme is obtained  rom Thermus aquaticus,  a  bacterium that is adapted  to l iving 

in  hot springs, so its enzymes are active at temperatures that would  denature proteins rom other organisms. 

Mi l l ions o copies o the DNA can  be produced  by  PCR in  a  ew hours because o the  high  temperatures used.  The 

detai ls o the PCR procedure are described  in  Topic 3 .
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Amino acid  sequence of human insulin
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cell  respirtion

ENERGY AND CELLS
All  l iving cel ls need  a  continual  supply  o energy.  This energy  is used  or a  wide range o processes including active  transport 

and  protein  synthesis.  Most o these processes require energy  in  the orm o ATP (adenosine triphosphate) .  

Every  cel l  produces its own ATP,  by  a  process cal led  ell  respirtion .  Carbon compounds (organic compounds)  such as glucose 

or at are careul ly  broken down and  the energy  released  by  doing this is used  to  make ATP.  Cel l  respiration  is dened  as 

ontrolled relese of energy from orgni ompounds to produe aTP.

The advantage o ATP is that it is  immediately  avai lable  as an  energy  source in  the cel l .  I t can  d iuse to  any  part o the cel l  and  

release its energy  within  a  raction  o a  second.

USING YEAST IN  BREWING AND BAKING
Both o the products o anaerobic respiration  in  yeast are used  

in  industries.  

1 .  Carbon  dioxide and  the  baking industry

Yeast is used  in  baking bread. I t is mixed  into  the dough 

beore baking.  The yeast rapidly  uses up al l  oxygen present 

in  the dough and  then produces ethanol  and  carbon dioxide 

by  anaerobic cel l  respiration. The carbon dioxide orms 

bubbles making the dough rise  it increases in  volume. 

This makes the dough less dense  it is leavened.  When 

the dough is baked most o the ethanol  evaporates and  the  

carbon dioxide bubbles give the bread  a  l ight texture,  which  

makes it more appetizing.

2.  Ethanol  and  the  brewing and  biouel  industries

Yeast can be used  to produce ethanol  by  ermentation.  

The yeast is cultured  in  a  l iquid  containing sugar and other 

nutrients, but not oxygen so it respires anaerobically. The 

ethanol  concentration o the fuid  around the yeast cells 

can rise to approximately  15% by  volume, beore it becomes 

toxic to the yeast and the ermentation ends. Most o the 

carbon dioxide bubbles out into the atmosphere. Beer, wine 

and other alcoholic drinks are brewed in  this way. Ethanol  is 

also produced by  ermentation or use as a  uel.  

glass vessel  used

as a  fermenter

dough  containing

yeast  and  water

Brewing

Baking

yeast  with  a

surface with

menisci

source of

sugar,  such  as 

grape ju ice

increased  numbers

of yeast  cel ls  with

dissolved  ethanol

a irlock that  a l lows

carbon  d ioxide

to  escape but  

prevents entry

of oxygen

warmth  to

speed  up

anaerobic

respiration

risen  dough

containing

bubbles of

carbon  d ioxide

Before After

AEROBIC AND ANAEROBIC CELL RESPIRATION
Oxygen 

used?

Substrate Yield  o ATP 

per glucose

Products

Aerobic  Glucose 

or l ipids

Large CO
2
 and  water

Anaerobic  Glucose 

only

Small Humans:  lactate  

Yeast:  CO
2
 and  ethanol

ENERGY FOR MUSCLES
Although anaerobic cel l  respiration  

produces ewer molecules o ATP per 

glucose,  it can  supply  ATP at a  more 

rapid  overal l  rate or a  short time,  

because it is not l imited  by  how ast 

oxygen can  be suppl ied.  Anaerobic 

cel l  respiration  is thereore used  in  

muscles carrying out very  vigorous 

exercise,  or example  muscles used  

or sprinting or weight l iting.  Anaerobic 

cel l  respiration  maximizes the power 

o muscle  contractions.  Lactate  (lactic 

acid)  and  hydrogen  ions are produced  

by  this process.  Anaerobic respiration  

can  only  be used  to  produce ATP 

or about two minutes.  Beyond  this 

duration,  hydrogen ion  concentrations 

would  make the pH  o the blood  too 

low,  so  aerobic cel l  respiration  must 

be  used  and  high-intensity  exercise 

cannot be continued.

Pyruvate

Smal l  amount  of ATPAnaerobic  ( pyruvate is  converted  to  lactate)

Glucose

Pyruvate

Water

Carbon

dioxide

Large

amount  of ATP  
Aerobic
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rspiomts

RESPIROMETERS AND RESPIRATION  RATES
A respirometer is any  device that is used  to  measure respiration  rates.  There are 
many  possible  designs.  Most involve these parts:

  A sealed  glass or plastic container in  which  the organism or tissue is placed.

  An alkali ,  such  as potassium hydroxide,  which  absorbs carbon dioxide 
produced  by  cel l  respiration.  The volume o air inside the respirometer should  
thereore reduce as a  result o oxygen being used  in  cel l  respiration  by  the 
organisms in  the respirometer.  

  A capil lary  tube containing fuid,  connected  to  the container,  which  al lows the 
volume o air inside  the  respirometer to  be monitored.  

One possible  design  o respirometer is shown below.

manometer

wire  basket

containing

invertebrates

or seeds

lter paper rol led

to  form a  wick

graduated

1  cm3 syringe

water bath  keeping the  respirometer

at  a  constant  temperature to  avoid

volume changes due to  temperature

uctuation

potassium 

hydroxide  solution

ETHICAL IMPLICATIONS 
Fly  larvae or other invertebrates are 
sometimes used in respirometer 
experiments. It is essential  to assess the  
ethical  implications o an experiment 
involving animals beore doing it. In  this 
case these questions should be asked:

1.  Wil l  the  animals suer pain  
or any  other harm during the  
experiment? I  the answer is 'yes' 
then  the experiment should  not be 
perormed  in  an  IB  school .  

2. Are there unacceptable risks to the  
animals, or example contact with  
the alkali? Again i the answer is 'yes',  
the experiment should not be done.  

3.  Will  the animals have to be removed  
rom their natural  habitat and i so,  
can they be saely  returned to it and  
continue to l ive natural  l ives?

4.  Is it necessary  to  use animals in  
the experiment or could  another 
organism be used,  or example 
germinating seeds?

There are strict restrictions in  most 
countries on  the use o vertebrates in  
research,  and  ewer animals are  now 
used  than  in  the past.  

ANALYSIS OF DATA FROM  RESPIROMETER EXPERIMENTS
1.  calulating man sults

I  the data  includes repeats,  mean results should  be 
calculated.  The mean  is calculated  by  adding together al l  the 
results and  dividing them by  the number o results (n) .

Mean =    
X

1
 +  X

2
 +  X

3
 +    X

n   _____ 
n
  

2.  Plotting a  gaph with ang bas

A graph  should  be  plotted  o the mean results,  with  the  
indpndnt vaiabl  on  the horizontal  x-axis  (or example 
temperature)  and  the  dpndnt vaiabl  (or example 
distance moved  by  fuid  in  
capil lary  tube per minute)  on  
the vertical  y-axis .  Vertical  
l ines extending above and  
below the mean can  be 
used  to  show the range rom 
the lowest to  the highest 
individual  results.  They  are 
cal led  ang bas.  

Graphs in  scientic papers 
usual ly  include o bas,  which  also give an  indication  o 
how widely  spread  the repeats are,  but do this by  showing 
a  statistical  measure o the variation,  cal led  the standard  
deviation  or standard  error.  The error bar shows one standard  
deviation  above and  below the mean.  

3.  Dsibing th tnd

The graph  shows the results o a  respirometer experiment 
using 100 g 
samples o pea  
seeds that were 
soaked  in  water or 
24 hours to  start 
germination.  

The movement 
o fuid  in  the 
manometer was 
due to oxygen  
consumption  
by  aerobic cel l  
respiration in  the seeds. The rate o oxygen consumption in  the 
dry  ungerminated  seeds was zero or too low to be measured.  
The rate o oxygen consumption increased during the rst ve 
days o germination.  

4. evaluating th data

The range bars show that there was some variation  between 
the repl icates at each  stage o germination,  but the variation  
within  each  treatment (day  o germination)  was mostly  
smal ler than  the variation  between  treatments,  suggesting 
that there is a  signicant increase in  respiration  during 
germination.  

0
1 2 3 4 5

5

10

15

20

25

days after start  of soaking

m
o
ve

m
e
n
t 
o
f 

u
id
/m

m

p
er
 m

in
u
te

highest

lowest

mean

0
1 2 3 4 5

5

10

15

20

25



34 M o le c u l ar  B I o lo G Y

Photosynthesis

INTRODUCING PHOTOSYNTHESIS
Photosynthesis  is  the production  o carbon  compounds in  

cel ls using l ight energy.  

The substrates or photosynthesis are  simple  inorganic 

substances including carbon dioxide and  water.  For example,  

the synthesis o glucose can  be summarized  with  this 

equation:

carbon dioxide +  water +  l ight energy  glucose +  oxygen  

Plants,  a lgae and  some bacteria  produce al l  their carbon 

compounds by  photosynthesis.

Photosynthesis includes these stages:

  Carbon dioxide is converted  into  carbohydrates and  other 

carbon compounds.  Energy  is needed  to  do this.  

  The energy  is obtained  in  the orm o l ight.  The l ight is 

absorbed  by  photosynthetic pigments.  

  Electrons are needed  to  convert carbon  dioxide into  

carbohydrates.  They  are obtained  by  photolysis,  which  

is the  spl itting o water molecules.  Oxygen is a  waste 

product rom the photolysis o water.  

PHOTOSYNTHESIS AND THE 
ATMOSPHERE
Oxygen is a  waste product o photosynthesis.  I t is  produced  

when water is spl it by  photolysis to  provide the electrons 

needed  to  convert carbon d ioxide into  carbohydrates and  

other carbon compounds.  

The rst organisms to  release oxygen rom photosynthesis 

into  the atmosphere were bacteria,  about 3 .5  bi l l ion  

years ago.  Beore this there  was l ittle  or no oxygen in  the 

atmosphere.  Between 2.4 and  2.2  bi l l ion  years ago the 

oxygen  content o the  atmosphere rose rom a  very  low level  

to  2%,  due to  photosynthesis.  This caused  dissolved  iron  in  

the oceans to  precipitate as iron  oxide.  I t sank to  the ocean  

bed,  orming deposits o rock cal led  banded iron  formations.  

Oxygen levels in  the atmosphere remained  at about 2% unti l  

750 mil l ion  years ago,  when  they  started  to  rise,  reaching 

about 30% beore dropping back down to  todays level  o 20%.  

The increases above 2% were probably  due to  the evolution  

o multicel lular algae and  land  plants,  which  raised  global  

photosynthesis rates.

ABSORPTION  SPECTRA
A spectrum  is a  range o wavelengths o electromagnetic 

radiation.  The spectrum o visible  l ight is the  range o 

wavelengths rom 400 nm to  700 nm that are used  in  

human vision.  Violet l ight has the shortest wavelength  and  

red  the longest.  The same range o wavelengths is used  in  

photosynthesis,  because the  photosynthetic pigments do 

not absorb other wavelengths.  A graph  showing the range o 

wavelengths absorbed  by  a  pigment is cal led  an  absorption 

spectrum .  
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Chlorophyl l  is  the main  photosynthetic pigment.  The graph 

above is the absorption  spectrum or the two commonest 

orms o chlorophyl l ,  a  and  b.

The absorption  spectrum shows that chlorophyl l  absorbs 

red  and  blue  l ight most eectively.  Smal l  amounts o green 

l ight are absorbed  but most is refected,  making structures 

containing chlorophyl l  appear green  to  us.  

ACTION  SPECTRA
The eciency  o photosynthesis is not the same in  al l  

wavelengths o l ight.  The eciency  is the percentage o 

l ight o a  wavelength  that is used  in  photosynthesis.  The 

graph below shows the percentage use o the wavelengths 

o visible  l ight in  photosynthesis.  This graph is cal led  the 

action spectrum of photosynthesis .  I t shows that maximum 

photosynthesis rates are in  blue l ight with  another lower 

peak in  red  l ight.  Green  l ight is used  less eciently.
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The absorption  spectrum o chlorophyl l  ( let)  a lso has a  

maximum in  blue l ight with  a  second  lower peak in  red,  

which  explains these peaks in  photosynthesis rates.  

The action  spectrum shows that there is some use o green  

l ight in  photosynthesis,  even though chlorophyl l  absorbs 

l ittle  o it.  This is because accessory  photosynthetic 

pigments are present,  which  absorb some green  l ight that 

can  be used  in  photosynthesis.  
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Investigating  imiting fators

DESIGNING EXPERIMENTS TO  INVESTIGATE LIMITING FACTORS
Processes such as photosynthesis are afected  by  various 

actors,  but usual ly  just one o these actors is actual ly  l imiting 

the rate at a  particular time.  This is the  actor that is nearest 

to  i ts minimum and  is cal led  the  imiting fator.  The three 

possible  l imiting actors or photosynthesis are temperature,  

 ight intensity  and  arbon dioxide onentration .  

These principles should  be  remembered  when  designing an  

experiment to  investigate  the  efect o a  l imiting actor on  

photosynthesis:

1 .  Only  one l imiting actor should  be investigated  at a  time  

this is the independent variabe.  

2 .  A suitable  range or the  independent variable  should  be 

chosen,  rom the lowest possible  level ,  to  a  level  at which  

the actor is no longer l imiting.  

3 .  An  accurate method  should  be  chosen or measuring the  

rate  o photosynthesis.  This is the dependent variabe  and  

is usual ly  a  measure o oxygen production  per unit time.

4.  Methods must be devised  or keeping al l  actors constant,  

apart rom the independent variable.  These are the ontro  

variabes.  This part o experimental  design  is essential  so  

it is  certain  that changes in  the rate o photosynthesis are 

due only  to  the actor being investigated  (the independent 

variable) .  O the three actors temperature,  l ight intensity  

 and  carbon d ioxide concentration  one wil l  be  the 

independent variable  in  the experiment and  the other two 

wil l  be  control  variables.  

pondweed

water at 25C

sodium

hydrogen

carbonate

bubbles

of oxygen l ight source

thermostatically

controlled hot plate

thermometer

25C

EFFECT OF LIGHT 

INTENSITY
At low l ight intensities,  the rate 

o photolysis and  thereore the 

production  o oxygen is l imited  by  the 

amount o l ight absorbed.  As the l ight 

energy  is used  or the  production  o 

ATP and  high  energy  electrons,  which  

are needed  or conversion  o CO
2
 into  

glucose,  low l ight intensities l imit the 

production  o this sugar and  other 

useul  substances.   

At high  l ight intensities some other 

actor is l imiting photosynthesis. 

Unless a  plant is heavily  shaded, 

or the sun  is rising or setting,  l ight 

intensity  is not usual ly  the l imiting 

actor.

EFFECT OF CO
2
 

CONCENTRATION
Below 0.01% carbon dioxide the enzyme 

used to x CO
2
 (rubisco)  is not efective 

and in many plants there is no net 

photosynthesis. Between about 0.01% 

and 0.04% the concentration o CO
2
 is 

oten the l imiting actor, because the  

rate o successul  collisions between 

CO
2
 molecules and the active site o the 

enzyme that xes it is stil l  lower than  

any o other steps in photosynthesis.  

ATP and high energy electrons are not 

used as rapidly  as they are produced,  

which restricts urther photolysis and  

thereore oxygen production.  

At very  high  CO
2
 concentrations some 

other actor is l imiting.

EFFECT OF TEMPERATURE
At low temperatures,  a l l  o the 

enzymes that catalyse the conversion  

o CO
2
 into  carbohydrate work slowly  

and  below 5C there is l ittle  or no  

photosynthesis in  many  plants.  At 

temperatures above 30C the enzyme 

used  to  x carbon dioxide (rubisco)  is 

decreasingly  efective,  even  though  it 

has not been denatured.  Temperature  

is thereore the l imiting actor at both  

low and  high  temperatures,  with  

the  low rate o use o ATP and  high  

energy electrons restricting urther 

photolysis and  thereore oxygen  

production.  

At intermediate temperatures,  some 

other actor is l imiting.  

limiting fator Method of varying the fator Suggested range controing the fator

Temperature Place pondweed  in  water in  a  

thermostatical ly  control led  water bath  or 

on  a  hot plate to  vary  the temperature

5C to  45C 

in  5  or 10C 

intervals

Set the thermostat at 25C and  keep 

it there  throughout the experiment

Light intensity Move l ight source to  diferent distances 

and  measure l ight intensity  with  a  lux 

meter ( l ight intensity  =  1/(distance2) )

4,  5,  7,  10  and  14 cm 

and  no  l ight gives a  good  

range o intensities 

Keep the l ight source at a  constant 

distance,  such  as 5  cm

Carbon  dioxide 

concentration

Start with  boiled,  cooled  water (no  CO
2
)  

then  add  measured  quantities o NaHCO
3
 

to  increase the CO
2
 concentration

0  to  50  mmol  dm- 3   

in  10  mmol  dm- 3   

intervals

Add  enough NaHCO
3
 to  give a  high  

CO
2
 concentration  (50 mmol  dm- 3 )
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chromatography

SEPARATING PHOTOSYNTHETIC PIGMENTS BY CHROMATOGRAHY

pestle  

mortar

2   Grind  pieces of leaf with  sharp sand

     and  propanone to  extract  the  leaf

      pigments

distance

moved  by

running

solvent

chlorophyl l  a  ( 0.65)

carotene (0.9)

chlorophyl l  b  (0.6)

xanthophyl ls

(0.30.5)

1   Tear up a  leaf into

      small  fragments

3   Transfer sample of extract to a

      watch glass

5   Add a few drops of propanone  to

      dissolve the pigments

4  Evaporate to dryness with hot air from

      a  hair-dryer

10  mm

pencil  l ine

6  Build  up a  concentrated  spot  of

      pigment  10mm from the end  of the

      strip  of paper/TLC strip

7   Suspend  the strip  in  a  tube with  the

     base d ipping into  running solvent  

strip  of chromatography

paper or thin  layer

chromatography  strip

concentrated

spot  of pigment   

running solvent

8   Remove the strip  from the  tube when

     the  solvent has nearly  reached  the top

approximate R
f va lues for the  main

pigments are shown  left.  The

pigments separate  because of their

varying solubi l ity  in  the  running

solvent   

R
f

 =
distance moved  by  spot

distance moved  by  solvent

9   Calculate  R
f va lues for each

      pigment  spot

RESULTS OF AN  INVESTIGATION  INTO  LIMITING FACTORS 
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The gure  ( right)  shows the eects of l ight  intensity  on

the rate  of photosynthesis  at  two d ierent  temperatures

and  two carbon  d ioxide concentrations.  I t  is  possible  to

deduce which  is  the  l imiting factor at  the  point  marked

WZ on  each  curve.

30  C and  0.15% CO2
20  C and  0.15% CO2

30  C and  0.035% CO2

20  C and  0.035% CO2
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Questions  molecular biology
1.  In  an  amino acid,  the amine and  carboxyl  groups are bonded  

to  the same carbon atom. What else is bonded  to  this atom?

A. G  and  R C.  H  and  R

B.  G  and  P D.  H  and  P 

2.  In  Meselson  and  Stahl s experiment,  bands were detected  

at only  three heights in  the  density  gradient.  What was an  

explanation  or this?

A.  Each  DNA strand  had  al l  1 4N  or al l  1 5N  bases.

B.  Transcription  is semi-conservative.

C.  Samples were only  taken  ater replication  ended.

D.  E.  coli  has single-stranded  DNA.

3.  I  ACUCGAGGUCUC was the base sequence o mRNA, what 

base sequence o DNA was transcribed?

A. ACUCGAGGUCUC C.  UGAGCUCCAGAC

B. ACTCGAGGTCTC D.  TGAGCTCCAGAG 

4.  I  a  person has a  height o 200  cm and  a  mass o 80  kg,  what 

is their BMI?

A.  0.002   C.  20

B.  0.005  D.  500

5.  What is the range o wavelength  o l ight in  absorption  

spectra  or photosynthetic pigments?

A.  400700 m C.  0273  m

B. 400700 nm D.  0273  nm

6. The table  below shows the base composition  o genetic 

material  rom ten  sources.

Source of genetic 

material

Cattle  thymus gland

Cattle  spleen

Cattle  sperm

Pig thymus gland

Salmon

Wheat

Yeast

E.  coli  (bacteria)

Human sperm

Infuenza  virus

Base composition (%)

A

28.2

27.9

28.7

30.0

29.7

27.3

31.3

26.0

31.0

23.0

C

22.5

22.1

22.0

20.7

20.4

22.8

17.1

25.2

18.4

24.5

G

21.5

22.7

22.2

20.4

20.8

22.7

18.7

24.9

19.1

20.0

T

27.8

27.3

27.2

28.9

29.1

27.1

32.9

23.9

31.5

0.0

U

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

32.5

a)  Deduce the type o genetic material  used  by

(i)  cattle  [1]

(i i)  E.  coli  [1]  

( i i i )  infuenza  viruses.  [1]

b)  Suggest a  reason or the dierence between thymus 

gland,  spleen  and  sperm in  the measurements o base 

composition  in  cattle.  [1]

c)  ( i)   Explain  the reasons or the total  amount o adenine 

plus guanine being close to  50% in  the genetic 

material  o many  o the  species in  the table.  [3]

(i i)  Identiy  two other trends in  the base composition o 

the species that have 50% adenine plus guanine. [2]

d)  (i)   Identiy a species shown in the table that does not 

ollow trends in base composition described in (c) . [1]

(i i)  Explain  the  reasons or the base composition  o  

this species being dierent.  [2]

7.  The graph (below)  shows the results o a  data-logging 

experiment.  Chlorella,  a  type o alga  that is oten used  in  

photosynthesis experiments,  was cultured  in  water in  a  large 

glass vessel.  Light intensity,  temperature and  the pH  o the 

water were monitored  over a  three-day  period. Changes in  pH  

were due to carbon dioxide concentration rising or al l ing.  An  

increase in  CO
2
 concentration  causes a  pH  decrease.
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a)  State the relationship shown in  the  graph  between

(i)  l ight intensity  and  CO
2
 concentration  [1]  

( i i)  temperature and  CO
2
 concentration.  [1]

b)  Deduce,  rom the data  in  the graph,  whether the  eect 

o l ight intensity  or temperature on  carbon dioxide 

concentration  is greater.  [2]

c)  The graph shows both  rises and  al ls in  CO
2
 

concentration.  Explain  the causes o

(i)  rises in  CO
2
 concentration  [2]  

( i i)  al ls in  CO
2
 concentration.  [2]

8.  In  an  experiment into  the activity  o sal ivary  amylase,   

5  cm3  samples o 0.1  mol  dm- 3  o starch  solution  and   

0.1  cm3  o samples o undiluted  sal iva  are placed  in  block 

heaters at d ierent temperatures and  are  mixed  when 

they  reach the target temperature.  The time taken or 

each  sample o starch  to  be ul ly  d igested  was ound  by  

repeatedly  testing drops o the  starchsal iva  mixture.  

a)  ( i)  State the independent variable.  [1]

 ( i i)  State the dependent variable.  [1]

b)  The volume o the starch  solution  and  sal iva  were 

control  variables.  State  two other control  variables  

in  this experiment.  [2]

c)  I  15 samples o starch  and  sal iva  were available,  

d iscuss whether it would  be better to  use ve o them  

at each  o 20  C,  30  C and  40 C,  or to  use three o them 

at each  o 20  C,  30  C,  40  C,  50  C and  60 C or to  use 

one o them at 5  C intervals rom 20  C to  90  C.  [3]

d)  State the substrate in  this experiment.  [1]

e)  State the word  equation  or starch  digestion.  [2]

)  Sketch  a  graph  to  show the expected  relationship:  

( i )  between  temperature and  time taken  or  

a l l  starch  to  be  digested  in  a  sample  [3]

(ii)  between temperature and the rate o starch   

digestion. [2]
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3 G e n e t i cs

PROKARYOte AnD eUKARYOte cHROMOsOMes
i a  prokaryo hr  o hromoom og o a  rular DnA molul.  

th DnA  akd,  mag ha    o aoad  wh  pro.  som 

prokaryo hav plamd,  whh  ar  muh mal lr xra  loop o DnA.

thr ar our dr bw h hromoom o ukaryo ad  

prokaryo:  

eukaryo hromoom  Prokaryo hromoom

oa  a  l ar  DnA molul  o o a  rular  DnA molul

aoad  wh  ho  pro akd  o aoad  pro 

o plamd  plamd o  pr

wo or mor dr hromoom o hromoom oly  

cHROMAtiDs
eukaryo hromoom ar  oly  

aly  vbl  durg mo.  i  

propha hy  od ad    

mapha rah  hr mmum 

lgh.  th lro  mrograph blow 

how hromoom   mapha.  

eah hromoom   propha ad  

mapha o mo o o wo 

ruur,  kow a r hromad.  

thy ah oa  a  DnA molul ha 

wa produd by  rplao durg 

rpha, o hr ba qu 

ar dal.  sr hromad ar hld  

oghr by  a  romr. A h ar 

o aapha h romr dvd 

al lowg h hromad o bom 

para hromoom.  

GenOMes
th gom    h whol o h g 

ormao  o a  orgam. th z o 

a  gom  hror h oal  amou 

o DnA   o  o hromoom   

ha p.  i  a  b maurd    

ml l o o ba par (bp)  o DnA.  

Gom z vary  odrably.  Fv 

xampl ar how blow.  E.  coli  

  a  gu barum ad  t2  phag  a  

vru ha aak E.  coli.  th ru y  

Drosophila melanogaster ha b 

wdly  ud    g rarh.  

P.  japonica   a  woodlad  pla wh  a  

rmarkably  larg gom z.  

Orgam  Gom z  

(mllo of bp)

t2  phag 0.18

Escherichia coli  5

D.  melanogaster 140

Homo sapiens  3 ,000

Paris japonica  150,000

AUtORADiOGRAPHY AnD cHROMOsOMes
th hqu o auoradography  ombd  wh  lro  mroopy  ha 

b ud  by  bolog rom h 1940 oward o  fd  whr radoavly  

labl ld  uba ar load    l l.  th  o o l l ar oad  wh  a  

phoograph flm. Ar havg b l   dark or day or wk h flm 

ha  oag h o   dvlopd.  Wh  vwd  wh  a  mroop boh  h 

ruur o l l   h o  ad  blak do   h phoograph flm ar vbl.  

eah  blak do how whr a  radoav  aom dayd  ad  gav ou radao,  

whh  a l k l gh o  h  flm. 

Joh car adapd  h hqu o  rarh  h hromoom o E.  coli,  a  

prokaryo.  H grw E.  coli    a  mdum oag radoavly  labl ld  hym,  

o   DnA bam labl ld  bu o RnA.  H plad  l l o  a  mmbra ad  

dgd  hr l l  wal l,  a l lowg h DnA o  pl l  ou ovr h mmbra.  H 

oad  h  mmbra wh  a  phoograph flm ad  l    h dark or wo 

moh.  Wh h flm wa dvlopd,  l  o blak do howd  h poo  o 

h DnA molul rom E.  coli.  A ypal  mag  how blow,  wh  a  drawg o  

rpr  lowr rgh.  th DnA molul     h pro o rpl ag.

car dovrd  ha h DnA molul wr rular ad  1 ,100 m log,  

dp  h E.  coli  l l oly  bg 2  m log.  Ohr rarhr h  ud  mlar 

hqu o  vga ukaryo hromoom. thy  wr oud  o  oa  

l ar rahr ha  rular DnA ad  wr muh logr.  For xampl,  a  hromoom 

rom h ru y  D.  melanogaster wa 12,000 m log (12  ml l mr) .  th 

lgh howd  ha ukaryo hromoom oa  o vry  log DnA molul  

rahr ha  a  umbr o horr molul.  

chromoom
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Karyograms

HOMOLOGOUs cHROMOsOMes
Prokaryo oly  hav o hromoom bu ukaryo 

hav dfr hromoom ha arry  d fr g.

i  huma,  or xampl,  hr ar 23  dfr hromoom 

yp ah o whh  arr a  d fr group o g.  Al l  

h hromoom o o parular yp ar homologous ,  

whh  ma ha alhough hy  hav h am g   h 

am qu hy  may  o hav h am al ll o ho 

g.  Al ll ar h dfr orm o a  g.

HAPLOiD  AnD DiPLOiD
Mo pla ad amal  ll hav a  diploid  ulu. th ma 

ha h ulu oa par o homologou hromoom. 

som l l hav a  haploid  ulu,  whh  ha oly  o 

hromoom o ah  yp.  Gam uh  a h  prm ad  

gg l l o huma ar  haplod.  two haplod  gam u 

oghr durg r l zao  o  produ o dplod  l l   h 

zygo.  th dvd by  mo o  produ mor dplod  body  

l l wh  h am umbr o hromoom.  

cHROMOsOMe nUMBeRs
th umbr o hromoom  a  harar aur o 

mmbr o a  p.  Uual ly  h umbr quod   h 

dplod  umbr,  a ha  how may  hromoom ar  

pr   ormal  body  l l.  

th dplod  umbr var odrably   om p 

hav wr larg hromoom ad  ohr hav a  grar 

umbr o mal l  hromoom.  

Fv xampl ar gv  hr:  

Homo sapiens (huma)  46

Pan troglodytes (hmpaz)  48

Canis familiaris  (dog)  78

Oryza sativa (r)  24

Parascaris equorum  (hor hradworm)  4

seX cHROMOsOMes
th wy-hrd  par o hromoom   huma drm 

whhr a  dvdual   mal or mal.  thr ar wo yp 

o x hromoom, a  largr X ad  a  mallr Y hromoom.

i wo X hromoom ar pr, a  baby dvlop a a mal 

ad  o X ad o Y ar pr, h baby dvlop a a mal.  

th karyogram blow (l)  how h karyoyp o a  mal.

KARYOtYPes AnD KARYOGRAMs 
th karyotype    h umbr ad  yp o hromoom 

pr   a  l l  or orgam. A karyogram   a  phoograph or 

d agram   whh  h  hromoom o a  orgam ar how 

  homologou par o drag lgh.  Karyogram ar 

prpard  o ha h karyoyp o a  dvdual  a  b udd.  

Example 1   normal  male (XY)

thr ar wo ommo u o karyogram   huma.  

1 .  Ddug h  x o a  dvdual :   hr ar wo X 

hromoom h pro   mal  ad   hr   o X 

ad  o Y hy  ar mal.

2.  Dagog odo du o  hromoom abormal:  

ormal  karyoyp hav a  par o ah  hromoom yp 

ludg a  par o x hromoom.  i  hr ar mor or 

l ha  wo o ah  par,  h pro  ha a  hromoom 

abormaly.  th mo ommo yp  Down syndrome  

whh   du o  havg 3  op o hromoom 21.

Example 2   female with  Down syndrome

Example 3   male with  Kl inefelter syndrome
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Meiosis

MeiOsis AnD seXUAL LiFe cYcLes
All  xual  l  yl lud a v alld fertilization    whh  

a  mal ad a  mal gam u oghr o produ a  zygote.  

th zygo ha w a may hromoom a h gam.  

A aohr ag  h l  yl h umbr o hromoom 

pr ll  mu b halvd, or ah grao would hav w a 

may hromoom a h prvou o.  

Meiosis   h pro ha halv hromoom umbr ad  

allow a xual  l  yl wh uo o gam. th haplod  

umbr o hromoom  rprd by h lr n  o h 

dplod  umbr  2n.  

i  mo,  a  d plod  ulu dvd w o  produ our 

haplod  ul.  th DnA o h hromoom  rpl ad  

bor h fr d vo  o ah  hromoom o o 

wo r hromad,  bu h DnA  o rpl ad  bw 

h fr ad  od  d vo.  i    h  parao  o par o 

homologou hromoom   h fr d vo  o mo ha 

halv h hromoom umbr.  

numbr o 

l l

numbr o 

hromoom

chromad pr 

hromoom

Bor h 

ar o 

mo

1 2n 2

A h d  

o h fr 

d vo

2 n 2

A h d   

o h 

od  

dvo

4 n 1

DRAWinG tHe stAGes OF MeiOsis

Chromosomes

pair up.  The

chromosomes

in  each

pair are

homologous 

Spindle

microtubules

grow from

each  pole  to

the equator

as in  mitosis

Nuclear

membrane

wil l  soon

break down

Spindle

microtubules

from the two

poles attach

chromosomes in

to  d ierent

each  pair,  ensuring that

one is  pul led  to  one pole

and  the other to  the  other pole
 

The pairs  of

chromosomes

l ine up  on

the equator

Each

chromosome

sti l l  consists

of two

chromatids

The cel l

membrane

around  the

equator wil l

soon  be pul led

inwards to

divide the cel l

The cel l  has

divided

to form two

haploid  cel ls.

These imm-

ediately

divide again

 meiosis

involves  two

divisions

New spindle

microtubules

grow from the

poles to  the

equator

The centromeres have d ivided  making the

chromatids into  separate chromosomes

which  move to  opposite  poles

Nuclear

membranes

reformed

The cel l  membrane is

pul led  inwards again

to  d ivide  the  cel ls Both  cel ls  have divided

again  to  form four

haploid  cel ls

Each nucleus now has half

as many chromosomes as the

nucleus of the parent  cel l

Homologous

chromosomes

are  pul led  to

opposite  poles.

This halves

the chromosome

number

Prophase I Metaphase I Anaphase I  

Prophase I I Anaphase I I Telophase I I
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Meoss and genet varaton

MeiOsis AnD Genetic VARiAtiOn
two pro   mo promo g varao  amog 

h haplod  l l produd  by  mo.

1 .  Random orentaton  of pars of homologous 

hromosomes n  metaphase i

For ah par o hromoom hr ar wo pobl  

orao ha drm whh hromoom mov o ah  

o h wo pol o h ll.  Bau h orao o ah  

par  radom ad do o u ohr par, dr 

ombao o hromoom a b produd ad hror 

dr ombao o alll. i  h dagram blow o 

g wh wo dr alll  how o ah hromoom.

th umbr o pobl ombao o hromoom 

produd by radom orao  2    huma whr   23.  

th  ovr 8 mllo ombao pr par.

metaphase I

prophase I  

telophase I

a  
B  

B  

B  

A 

A 

A 

A 

a  

a  

a  

A 

a  

b  

b  

b  

b

B  

B

b 

50%

probabil ity

50%

probabil ity

2. crossng over durng prophase 1

i  h vry  arly  ag o mo homologou 

hromoom par up  ad  par o o-r hromad a  

b xhagd  bw hm. th pro  al ld  rossng 

over.  i  produ hromad wh  a  w ombao  o 

al ll.  i    a  gfa our o g varao  bau 

  radom whr alog h lgh  o h hromoom h 

xhag our.  

FUsiOn  OF GAMetes AnD VARiAtiOn
Wh gam u oghr durg r l zao,  h al ll 

rom wo dr par ar brough oghr   o w 

dvdual .  th promo genet varaton .  Fr l zao  

 a  radom pro  ay  gam produd  by  h ahr 

ould  u wh  ay  produd  by  h mohr.  sp ha 

rprodu xual ly  hu gra g varao  boh  by  

mo ad  by  radom uo  o gam.  

nOn-DisJUnctiOn  AnD DOWn  

sYnDROMe
somm hromoom ha hould  para  ad  mov 

o  oppo  pol durg mo do  o ad  ad  mov 

o  h am pol.  th a  happ   hr h fr (blow 

l)  or h  od  (blow rgh)  d vo  o mo.  no-

parao  o hromoom  al ld  non-dsjunton .  

th rul   ha gam ar produd  wh  hr o 

hromoom oo may  or oo w.

Anaphase I Anaphase I I

Gam wh o hromoom oo w uually qukly  d  

bu gam wh o hromoom oo may omm 

urvv. Wh hy ar rlzd, a  zygo  produd wh  

hr hromoom o o yp ad o wo. th  alld  

trsomy.  For xampl, hldr ar omm bor wh hr 

hromoom o yp 21, rahr ha wo. th au Down 

syndrome  or romy 21. i a b du o o-djuo durg 

h ormao o h prm or h gg. May rarh ud 

hav how ha h ha o Dow ydrom ra wh  

h ag o h par. th ar ypal  fgur or h mohr:

Mohr ag 25 30 35 40 45

cha o 

Dow baby

1    

1250

1    

1000

1    

400

1    

100

1    

30

thr ar  wo mhod or obag l l o a  ubor  h ld  

or hromoom g:

1.  i  amnoentess  a  ampl o amo ud   rmovd  

rom h amo a aroud h u. to do h,  a  

hypodrm dl  rd  hrough h wall  o h 

mohr abdom ad  wal l  o h uru. Amo ud   

draw ou o a  yrg. i  oa l l rom h u.

2.  i  horon vl lus samplng (cVs)  l l ar rmovd rom 

al  u   h plaa  al ld  horo v l l  .  A wh  

amo a  hypodrm dl,  rd  hrough 

h mohr abdom ad  uru wall ,   ud  o  oba  

h l l.  cVs ha a  l ghly  hghr rk o marrag 

(2% )  ha  amo (1% ) .  Boh  mhod hav a  

vry  mal l  rk o o   maral  or al  u.
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Principles of inheritance

MenDeL AnD QUAntitAtiVe MetHODs
Grgor Mdl   o  rgardd  a h  ahr o g.  

H rod  var o pa  pla ha had  d r 

harar ad,  rom h rul,  h ddud  h 

prpl o  whh  hra  bad.  

Mdl  wa o h fr bolog o  ry  o  d ovr h 

prpl o hra.  H  u dpdd  o  

obag umral  rul,  rahr ha  ju drpo 

o h ouom,  ad  o  ug larg umbr o pa  pla.  

i    mpora   f xprm o  hav ough 

rpl a o  ur rl abl y  ad  Mdl  had  vry  larg 

umbr.  For xampl   h ro how blow h oud  

a  oal  o 7 ,324 d   h F
2
 grao.  thr wr  

5,474 roud  d ad  1 ,850 wrkld.  Wh  uh  larg 

umbr h  ould  b  vry  ofd ha h  ba rao  wa 

3 :1 .  H ould  b v mor ofd bau h rpad  

h moohybrd  ro wh  v dr ra ad  go h 

3 :1  rao  vry  m.  

eXPLAininG tHe 3 :1  RAtiO
Mdl  rod  wo var o pa  oghr ad  oud  

ha al l  o h oprg (h F
1
 generation)  had  h am 

harar a o o h par.  H al lowd  h F
1
 

grao o l-r l z  ah  pla produd  oprg by  

rl zg  mal gam wh   ow mal gam. th 

oprg (h F
2
 generation)  oad  boh  o h orgal  

paral  yp   a  3 :1  rao.  

Ug modr  rm,  Mdl  xplaao   ha ah  pa  

pla ha wo al ll o h g ha a h harar.  

th par ar homozygous  bau hy  hav wo o h 

am al ll.  th F
1
 pla ar heterozygous  bau hy  

hav wo d r al ll.  th F
1
 pla al l  hav h harar 

o o o h  par bau ha par ha h dominant 

allele  ad    a  hrozygo  mak h  o h  ohr 

par recessive allele.  O quarr o h  F
2
 grao  

hav wo rv al ll ad  o how h harar aud  

by  h al ll.  

eXAMPLe OF A MOnOHYBRiD  cROss BetWeen  PeA PLAnts

P  =  parental

generation.

Genotype =  the  

alleles possessed

by an  organism.

Phenotype  =  the

characteristics

of an  organism.

F1  =  the  rst  l ia l   

generation   the

ospring of the P

generation.

F1  plants are

heterozygous

but  a l l  have smooth

seeds because S  is  the

dominant  a l lele  and

s  is  recessive.

This type of diagram is 

cal led  a  Punnett  grid  

and  is used  to  work 

out  the possible  

outcomes of the 

fusion  of haploid  

gametes to  form 

diploid  zygotes in  

a  genetic cross.  I n  this

case both  the  male

and  female gametes

can  be  S    or   s   ,

giving four possible

F2  genotypes.

Seed  shape is  determined  by  a

single  gene.  One a l lele  of this

gene ( S)  gives smooth  seeds and

the other ( s)  gives wrinkled

seeds.  The  pea  plants are  d iploid

so  they  have two copies of each  

gene.  The  parental  varieties are

both  homozygous.

Gametes are produced  by

meiosis so are haploid  and  only

have one copy  of each  gene.

The two alleles of each gene separate

into dierent haploid daughter nuclei 

during meiosis.  This is called segregation. 

In  this case each daughter nucleus and 

therefore each gamete will  receive either 

S or s.

Segregation  occurs during

meiosis.  The  two a l leles of a

gene are  located  on

homologous chromosomes

which  move to  opposite  poles,

causing the  segregation

(see below) .

smooth

seed

smooth

seed

smooth  seed

smooth  seed smooth  seed

wrinkled  seed

wrinkled

seed

There is  a  3 :1  ratio  of smooth  and  wrinkled  seed  F2  plants.

Crosses between  two heterozygous individuals  give  a  3 :1

ratio  if one of the  a l leles is  dominant  and  the  other is  recessive.

P genotype

phenotype

gametes

F1   genotype

phenotype

gametes

m
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e
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m
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F2  genotypes

and  phenotypes
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Autosomal  genetic diseases

cy fbro 
th da  aud  by  a  rv al ll  o a  g odg 

or a  hlord hal .  i   h ommo g da   

par o wr europ. Abou 1    3,000 bab bor    h Us 

ha y fbro.  Uual ly  hr par ha h da,  bu 

hy  ar boh carriers  o h rv al ll  or h da.  A 

arrr ha a  rv al ll  o a  g,   bu  do o a 

hr phoyp bau a  doma al ll  alo pr.  th 

Pu grd  blow how ha h probabl y  o y fbro 

  a  hld  o wo arrr par  25% .  

Hugo da
th urodgrav d a  aud  by  doma al ll 

o h g odg or hug,  a  pro  wh  a  ukow 

uo.  th da uual ly  oly  dvlop durg adulhood,  

by  whh  m a  dvdual  who dvlop h d a may  

alrady  hav had  hldr.  Almo alway o par oly  

dvlop h da,  o    vry  ul kly  or a  hld  o  b  

bor  wh  wo op o h doma al ll.  th dagram 

blow how ha h probabl y  o a  par wh  Hugo 

da pag  o  o  a  hld   50% .

Key to

alleles

Possible

genotypes

Possible

phenotypes

P  phenotype

P  genotype

gametes

Punnett

grid  to  show

possible

outcomes

Ratio 3  normal  :  1  cystic brosis

normal(carrier)    normal(carrier) normal                           Huntingtons d isease

Cc hd  hd HD hdCc

C  normal  a l lele

c  cystic brosis

    a l lele

CC

Cc

cc

normal

normal(carrier)

cystic brosis

Key to

alleles

Possible

genotypes

Possible

phenotypes

HD  Huntingtons

        d isease a l lele

hd    normal  a l lele

HD HD

HD hd

hd  hd

Huntingtons d isease

Huntingtons d isease

normal

C

c c

C
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Cc
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cystic
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C c C c
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HD hd

Huntingtons

 diseaseHD  hd

Huntingtons

 d isease

hd  hd

normal

hd  hd

normal

hd hd HD hd

1  normal  :  1  Huntingtons d isease

cYstic FiBROsis AnD HUntinGtOns DiseAse
th prpl o hra dovrd  by  Mdl    

pa  pla alo opra   huma ad  hlp  o  prd h 

probabl y  o hra o g da.  May  g 

da hav b  dfd,  bu mo ar vry  rar.  A 

larg proporo  ar du o  rv al ll o autosomal  

g,  .g.  cystic fbrosis.  Al l  hromoom apar rom x 

hromoom ar auoom,  o  ay  g ha ha  lou 

o  a  o-x hromoom  auoomal .  A mal l  proporo  

o g da ar du o  doma al ll o auoomal  

g,  .g.  Huntingtons disease.

PeDiGRee cHARts FOR AUtOsOMAL Genes
Pdgr har da whhr a  d a  aud  by  a  doma or rv al ll,  ad  al low h goyp o om 

dvdual o  b ddud.  Par ar jod  by  a  horzoal  l  wh  a  vral  l  ladg o  hr hldr.

I

I I

I I I

The  parents I1  and  I2  must  be  Cc.  If we assume that

I I1  and  I I4 are  CC,  I I I1  and  I I I2  have a  50% chance of

being carriers and  I I I4 and  I I I5  a  100% chance.

Al l  the individuals  with  Huntingtons d isease

must  be  HDhd  and  a l l  the  unaected  individuals

are  hdhd.    

1 2

1

1 2 3 4 5

2 3 4

Huntingtons diseaseCystic brosis

Key:

aected  male

normal  male

aected  female

unaected  female
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sex-linkage

seX DeteRMinAtiOn  AnD seX-LinKeD cOnDitiOns
th x hromoom o a  u drm whhr  dvlop a a  mal 

or mal.  Al l  ormal  gg l l arry  a  X hromoom o h x o a  hld  

dpd o  whhr h prm  arryg a  X or a  Y hromoom.  th 

dagram (rgh)  how h  hra o x.

sex-linkage    h  aoao  o a  harar wh  h  x o h dvdual ,  

bau h  g orol l g h harar  load  oly  o  a  x 

hromoom. thr ar vry  w g o  h Y hromoom, bu h X 

hromoom  rlavly  larg ad  ha mpora g o  .  sx-l kag 

 hror almo alway du o  g o  h X hromoom. th par  

o hra o h g d fr   mal ad  mal bau mal 

hav wo X hromoom ad  hror wo op o ah  g ad  mal 

hav oly  o.  Oly  mal a  hror b arrr o rv al ll o 

x-l kd  g ad  odo du o  h al ll ar muh mor rqu 

  mal ha    mal.  i  huma,  hemophilia  ad  redgreen colour-

blindne  ar  xampl o odo du o  rv al ll o x-l kd  

g.  th dagram blow how how wo par,  hr o whom hav 

hmophl a,  ould  hav a  hmophl a o.  

PeDiGRee cHARts FOR seX-LinKeD Genes
Blow  par o a  ral  pdgr or hmophl a.  May  mal bu 

o mal ar afd,  dag x-l kag.  th goyp 

o al l  mal ad  ay  mal wh  a  hmophl a o  a  b 

ddud.  Rgh  a  horal  pdgr or rdgr olour-

bl d,    whh  h  goyp o vry  dvdual  a  b 

ddud  wh  ray.  

Colour bl indness pedigree

I

II

I I I

1 2

1

1 2 3 4

2 3 4

 

 

 

 

Hemophil ia  pedigree

1 2

1

1 2 3 6 7 8

2 3 6 7

4 5

4 5 Key:

aected male

unaected male

aected female

unaected female

 

The mother is  heterozygous but  is  not  

hemophil iac because H  is  dominant

and  h  is  recessive.  She is  a  carrier  of

the a l lele  for hemophil ia .

A  carrier has a  recessive allele  of a  gene

but it does not aect the  phenotype

because a  dominant allele  is  also

present.

hemophil iac because they  a l l

None of the female ospring are

inherited  the  fathers  X chromosome

which  carries the  a l lele  for normal

blood  clotting (H) ,  but  there is  a  50%

chance of a  daughter being a  carrier.

KEY

X
H

X chromosome carrying

the a l lele  for normal

blood  clotting

X chromosome carrying

the a l lele  for

hemophil ia

X
h

The  Y chromosome does not

carry  either a l lele  of the  gene.

There is  a  50% chance of a  son

being hemophil iac as half of

the eggs produced  by  the

mother carry  X
h
.

The chance of a  daughter

being hemophil iac is  0%,  so

the overal l  chance of ospring

being hemophil iac is  25%.

X 
H   
X 
h

X 
H   
X 
H

X 
H   
Y

X 
H   
YX 

H   
X 
h

X 
h

X 
H X H

Y

YX 
H

X 
H

X 
h

X 
h   
Y

 

 

normal

normal

hemophil iac

carrier

XX XY

X X X Y

XX XY XX XY

=  Female

=  Male



45G e n e t i c s

co-dominane

inHeRitAnce OF BLOOD GROUPs
thr ar our blood  group   h ABO  ym: Group A,  Group B,  Group AB ad  Group O.  th hra o ABO  blood  group 

volv boh  o-doma ad  mulpl  al ll.  

1 .  co-dominane

Group A Group B

IA

IA IA IB IB

IA IB

I B

Group AB

P phenotype

genotype

gametes

F1 genotype

phenotype

X

I
A  is  the a l lele  for blood  group A  and  IB  is  the  a l lele

for blood  group B.  Neither a l lele  is  recessive,  so

both  are given  upper case letters as their symbol .

I f IA  and  IB  a re  present  together,  they  both  aect

the phenotype because they  are co-dominant.

Co-dominant  a l leles are  pairs  of a l leles that  both

aect  the  phenotype when  present  together in  a

heterozygote.  

I f dominant  and  recessive  a l leles are  both

present  in  a  heterozygous individual ,  only  the

dominant  a l lele  has eects on  the  phenotype.  I f

two a l leles are  co-dominant ,  they  have joint

eects on  a  heterozygous individual .  

2. Multiple alleles

I f there  are more than  two a l leles of a  gene they

are  cal led  multiple  a l leles.  The  gene for ABO  blood

groups has three a l leles,  I A,  I B  and  i .    

i  is  recessive  to  both  IA  and  IB  so  IA  i  gives blood

group A and  IB  i  gives blood  group B.

Individuals  who are homozygous for i  are  in  blood

group O.

i i

Group A Group B

IA IB

P phenotype

genotype

gametes

IA i

IB  i

Group B

IA IB

Group AB

IA i

Group A

i i

Group O

IB  i

F1  genotypes

and  phenotypes

shown  on

Punnett  grid

PReDicteD AnD ActUAL OUtcOMes OF Genetic cROsses
Par o blood  group O  ad  AB,  hav goyp    ad  i Ai B  o  

ofprg ould  b i A  or i B   wh  a  1 :1  Group A o  B rao.

Predictions for AB    O cross 

IA I B             i i

IA i I B  i

or
I
A IB i

Howvr,   h par hav wo h ldr,  boh  may  b Group 

A or boh  Group B.  Prdd  rao ar oly  xpd  wh  h  

umbr o ofprg  larg.

th al ll  or yl low oa olour   m (Y)   doma ovr 

h al ll  or gry  oa (y) .  Yl low m a  hr hav h 

goyp YY or Yy.  Wh rod  wh  gry  m (yy) ,  ay  YY 

yl low wr xpd  o  produ al l  yl low ofprg ad  ay  

Yy  m a  1 :1  rao  o yl low o  gry.  th aual  ouom wa a  

1 :1  rao    vry  a o al l  h  yl low m mu hav b 

hrozygou.

i  a  ro bw  hrozygou yl low m hr ar our 

qual ly  l kly  ouom:  Yy,  YY,  yY,  yy  o  a  3 :1  rao  o yl low o  

gry   prdd.  th abl  gv xpd  ad  aual  rul 

o 1598 ofprg o h ro.  th aual  rao  wa 2:1 .  th 

xplaao   ha h goyp YY  lhal ,  o  amog h 

urvvg ofprg   2  ___ 
3
   ar  hrozygou yl low m ad    1  ___ 

3
   ar  

homozygou rv gry.

Predicted

results

1198 1063

400Grey

Yel low

535

Actual

results
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Mutation

cAUses OF MUtAtiOn  
Mutations  ar radom hag o  h ba qu o a  

g. A muao ha rpla o ba   a  g wh  a  

dr ba  a  base substitution .  Muao ar mpora 

a hy  ar a  our o h g varao ha  ary  

or voluo  o  our,  bu vry  w muao prov o  b 

bfal  ad  om au g da or ar.  th 

muao ra  rad  by  wo yp o muag:

  high energy radiation  ludg X-ray,  hor or 

mdum wav UV,  gamma ray ad  alpha  parl rom 

radoav oop 

  mutagenic chemicals  uh  a roam   obao,  

muard  ga ha wa ud  a a  hmal  wapo  ad  h 

olv bz.  

Bau muag ra h muao  ra  hy  ar a  

au o boh  g da ad  ar.  

th  o radao  a  b udd  ug wo d,  

h ular ad a chrobyl  ad  h ular bombg 

o H rohma.  th ommo aur o h d  ha 

radoav oop wr rlad  o  h vrom ad  

a a  rul popl wr xpod  o  poal ly  dagrou 

lvl o radao.  chrobyl  rlad  ar mor radoav 

maral  bu wl l  probably  hav aud  wr dah ha  

H rohma,  bau h oop rlad  wr prad  

ovr a  wdr ara  ad  hav logr hal-l v o h do o 

radao  hav b prad  ovr a  logr prod.  

nUcLeAR BOMBinG OF H iROsHiMA
th aom bomb ha wa doad ovr Hrohma  1945 

klld 90,000166,000; popl hr dd drly or wh  

a w moh. th y wa dvaad wh w buldg 

rmag.

th halh o a  larg group o urvvor o boh h Hrohma 

ad nagaak ular bomb ha b ollowd  h by  

h Radao e Rarh Foudao  Japa. thr hav 

b log-rm  rom h radao wh rad dah 

du o ar. th largr h do o radao rvd by a  

urvvor, h hghr h rk o boh lukma ad ohr ar.  

Do o radao  

(GBq)

Prag dah  ra (19502000)

Lukma Ohr ar

<0.005

0.0050.1

0.11.0

  1 .0

0.25

0.23

0.44

2.36

15.79

15.86

19.13

29.17

Mo o h dah du o  lukma  ourrd    h fr   

yar ar h bombg,  bu dah du o  ohr ar 

hav oud.  

Apar rom ar h ohr ma   o h  radao  

ha wa prdd  wa muao,  ladg o   l lbrh,  

malormao  or dah.  th halh  o 10,000 hldr  ha 

wr u wh  h aom bomb wr doad  

ha b  moord.  no vd ha b oud  o 

muao aud  by  h radao.  thr ar l kly  o  hav 

b om muao,  bu h umbr  oo mal l  or   

o  b aal ly  gfa v wh  h larg umbr 

o hldr    h udy.  Dp  h lak o vd 

o muao du o  h  aom bomb,  urvvor hav 

omm l ha hy  wr gmazd.  som oud  ha 

poal  wv or hubad wr rlua o  marry  hm or 

ar ha hr hldr  mgh hav g d a.  

H  rohma  Pa  Mmora l

nUcLeAR AcciDent At cHeRnOBYL
th ad a chrobyl, Ukra,  1986 aud xploo 

ad a fr  h or o a  ular raor. Radoav od-131,  

aum-134 ad aum-137 wr rlad ad prad ovr 

larg par o europ. Abou x o o uraum ad ohr 

radoav mal   ul  rom h raor wr brok up o  

mall  parl by h xploo ad apd.  

  28 workr a h ular powr pla d d  rom h 

 o radao  wh  hr moh.  thr hav 

alo b rad  ra o lukma    ohr workr 

xpod  o  hgh  radao  do.  

  corao o radoav od   h vrom ro 

ad ruld   drkg war ad mlk wh uapably  

hgh lvl. iod  aborbd by  h hyrod  glad. Mor 

ha 6,000 a o hyrod  ar a b arbud o h  

radoav od rlad. Hor ad al ar h pla 

dd rom damag o hr hyrod  glad.

  Boaumulao  aud  hgh  lvl o radoav  

aum   fh  a ar away  a sadava,  Grmay  

ad  Wal.  coumpo  o lamb oamad  wh  

radoav aum wa bad  or may  yar   om 

ara du o  h  log hal-l   o aum-137.

  thr wl l  a lmo raly  hav b a  mal l  ra   

h  rk o ar ad  g da or larg umbr 

o popl    europ du o  radao  rom chrobyl ,  bu  

  hard  o  prov h.  

  4 km2  o p or dowwd  o h raor urd  

ggr brow ad  dd  du o  hgh  do o radao,  bu 

  h ab o huma om wldl   uh  a lyx ad  

wld  boar hav hrvd.  
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Genes and alleles

Genes AnD cHROMOsOMes
Genetics   h udy  o varao  ad  hra.  th ba 

u o hra  h g.  

A g  a  hrabl  aor ha o o a  lgh  o DnA 

ad  u a  pf harar.

evry  g oup a  pf poo  o  a  hromoom. 

For xampl,    huma h g or makg h ba  

polyppd o hmoglob   load  ar h  d  o h 

hor arm o hromoom 11 .  

centromere

locus of gene for

  polypeptide  of hemoglobin

short  arm  of

chromosome 11

long arm  of

chromosome 11

sicKLe-ceLL AneMiA
th  a  g d a ha dmora how a  gl  

ba ubuo  muao  a  hav vry  gfa 

oqu.  th muao  ourrd    HBB,  h g 

or h ba  polyppd o hmoglob.  th polyppd  

o o 146 amo ad.  

Part  of

HbA

Base

substitution

from A to  T

in  the  triplet

coding for the

sixth  amino

acid.  The

mutation

changes HbA

into  a  new

al lele,  HbS

Part  of

HbS

One codon  in

the mRNA is

therefore  one

dierent and

amino acid

in  the poly-

peptide  is

a ltered

In  some

conditions

red  blood

cel ls  containing

the a ltered

hemoglobin

become

sickle  shaped
Normal  red  blood

cel ls  that  carry  oxygen

eciently  but  are

aected  by  malaria

Sickle  cel ls  may

carry  oxygen  less

eciently  but can  give

resistance to  malaria

The a l lele  Hbs that  causes sickle-cel l  anemia  has

become quite common  in  some parts of the world

aected by  malaria.  In  these regions the malaria

resistance that  it  causes is  an  advantage
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nUMBeRs OF Genes
A ypal  amal  or pla l l  ulu oa houad o 

g.  

th oal  umbr o g  o y kow prly  or 

huma or ohr p bu h ar urr ma:  

Homo sapiens (huma)  23,000

E.  coli (a gu barum)  3 ,200

Drosophila melanogaster (ru y)  14,000

Takifugu gambiae  (pur fh)  25,500

Oryza sativa (r)  41,000

th ma  l lura om rd:

  bara  hav wr g ha  ukaryo 

  om ohr amal hav wr g ha  huma bu 

om hav mor 

  pla may  m l omplx ha  huma bu om 

hav mor g.  

ALLeLes
A g o o a  qu o ba o  a  p o DnA.  

thr ar dr vro o om g ha hav almo 

h am ba qu bu d r   ju o or a  vry  mal l  

umbr o ba.  th vara orm o a  g ar al ld  

alleles.  

Al ll ar  dr orm o h am g bau hy  

u h  am harar,  oupy  h am poo  

o  a  yp o hromoom ad  hav ba qu ha 

d r rom ah ohr by  o or oly  a  w ba.  

For xampl,    h huma g or h  ba  polyppd  o 

hmoglob,  h od  ba   h xh  odo  o h g 

 ad (A)    h ommo al ll  o h g.  thr  

a  l ommo al ll    whh  h ba  hym (t) .  th 

al ll  au h g da sickle cell  anemia.  
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UsinG DAtABAses
Daaba hav b  dvlopd   h 1960 o  hlp or 

omplx ormao  ad  l rarhr g a o   .  thy  

ar dal ly  ud  o  org h va amou o ba qu 

daa  ha  urrly  bg grad  by  gom rarh.  

expoal  ra   h amou o daa  dg o  b  

ord  hav b  mahd  by  ra   daaba apay.  

thr  hav alo b gra mprovm   h a wh  

whh  ur a  arh  daaba ad  xra daa.  th 

dvlopm o h  r opd  up a o  daaba 

rom aywhr   h  world,  o  daa  a  b  hard  ar mor 

aly.  two u o g daaba ar xplad  blow o  

h pag.

cOMPARinG BAse seQUences OF Genes
chag   h ba qu o g our ovr m. i 

a  p pl o orm wo para p, dr 

bw h ba qu o h g o ho wo p 

wll  gradually  aumula. th umbr o dr a  

gv a dao o how log ago p dvrgd rom h 

ommo aral  p. i   hror uul  o b abl o  

ompar h ba qu o g ad fd ou how may  

dr hr ar. th a b do ug ba qu 

daa rom h GenBank daaba ad dowloadabl owar.

  Search for Genbank and open the home page.

  Choose Gene from the search menu.

  Enter the name of a  gene plus the organism,  such as  

HBB human.

  Move your mouse over the section  Genomic regions,  

transcripts and products until Nucleotide links appears.  

  Choose FASTA and the entire base sequence of the gene 

should appear.

You a h arh or mlar qu  h GBak 

daaba ug BLAst owar. thr may b ohr alll  h 

am p or g wh mlar qu  ohr p.  

Alravly you a ompar h qu wh ohr ld  

g (or xampl HBB  hmpaz)  ug clualX  

owar whh a hr b dowloadd or ud ol:

  copy h whol qu   h FAstA orma (ludg 

h ymbol arg wh  >)  ad  pa  o  a  x fl or 

opad  fl.

  Rpa wh  a  umbr o d r p ha you  wa 

o  ompar.  copy  hm o  h  am fl,  parag by  

prg h rur  buo  o  your kyboard  ad  avg 

h fl  ah  m.

  Op  clualX ad  r h x fl  oag h 

qu ha you  wh  o  ompar.  A ba by  ba 

omparo  o h qu hould  appar wh  ay  

dr hghl ghd.

Gene LOci  AnD PROtein  PRODUcts
th lou o a  g    parular poo  o  homologou 

hromoom.  th lo  o huma g a  b oud  ug 

h OMiM  wb  (Ol  Mdl a  ihra   Ma) .  

  Search for OMIM and open the home page.

  Choose OMIM Gene Map 

  Enter the name of a gene into the Search gene map box.

th hould  brg up a  abl  wh  ormao  abou h g,  

ludg  lou  ad  h proen  produ  o h g.  

Example:  rg HBB brg up h ormao  ha h 

g od or h ba  polyppd o hmoglob  ad  h 

loao   11p15.4.  th fr umbr da ha h  g 

 o  hromoom 11,  h lr p  ha    o  h hor arm 

o h hromoom (q  da h log arm)  ad  15.4 

whh  rgo  o h hor arm h g  .  

11p15.4

11p15.2

11p14.3

11p14.1

11p12

11p11.12

11q12.1

11q12.3

11q13.2

11q13.4

11q14.1

11q14.3

11q22.1

11q22.3

11q23.2

11q24.1

11q24.3
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May  dvlopm    rarh  ol low mprovm   hology.  i  om a rarh  proj mula 

mprovm   hology.  

Mhod or dg h ba qu o g wr dvlopd    h 1970 ad  h hology  ha b  mprovd  

rpadly   h.

th da  o qug h r  huma gom md mpobly  dful a o m bu mprovm   qug 

hology  oward h d  o h 20h  ury  mad  pobl,  hough  l l  vry  ambou.  the Huma Geome Projec  

bga    1990 ad  wa xpd  o  ak 15  yar bu mprovm   hology  oud  o h  proj wa udrway  

ad  dra qu wr ompld  

muh oor ha  xpd    2000.

Furhr adva  ar  a l lowg h 

gom o ohr p  o  b 

qud  a a  vr rag ra 

ad  l owr o.  

By  2008 h gom o ovr a  

houad  d r huma rom 

al l  par o h world  had  b 

qud,  o  udy  g varao,  

ad  by  2012  h  o o qug 

a  huma gom had  droppd  blow 

$10,000.  By  2014 h  gom 

o hudrd o prokaryo had  

b qud  ad  ovr a  hudrd  ukaryo.  th 1 ,000 Pla Gom Proj wa wl l  o   way  oward h  plad  

qug o h gom o a  houad  dr pla p.

PcR  tHe POLYMeRAse cHAin  ReActiOn
PcR o o a  yl  o ag arrd  ou aga  ad  aga  o  

produ may  op o a  DnA molul:  

Mll o o op o h DnA a b produd  a  w hour. th 

 vry  uul  wh vry mall  qua o DnA ar oud  

 a  ampl ad largr amou ar dd or aaly. DnA rom 

vry mall  ampl o m, blood or ohr u or v rom 

log-dad pm a b ampld ug PcR. (Rao or 

h u o taq DnA polymra  PcR ar drbd  top 2.)

DnA echology

GeL eLectROPHOResis
Gel  elecrophoresis    a  mhod  o parag mxur o 

pro or ragm o DnA,  whh  ar  hargd.  th  mxur 

  plad  o  a  h   h o gl ,  whh  a l k  a  molular 

v.  A  lr ld    appl d  o  h  gl  by  aahg 

lrod o  boh  d.  Dpdg o  whhr h  parl 

ar  povly  or gavly  hargd,  hy  mov  oward o 

o h  lrod or h  ohr.  th  ra  o movm dpd 

o  h  z  o h  molul   mal l  molul mov  ar 

ha  largr o.

Negative

electrode

Positive

electrode

DNA sample

placed  in   wel l

DNA moves through

the gel  towards the 

positive electrode



gel uidelectrophoresis tank

+

DnA  had  o  95  c o  

para  h  wo rad.

th mpraur   rdud  o  53  c,  

whh  al low prmr o  bd  o  

boh  rad o h DnA x o  h 

qu ha  o  b opd.

th mpraur  rad  o  73  c,  

whh  ourag taq  DnA polymra 

o  rpl a boh  rad,  arg a h 

prmr,  produg wo doubl-radd  

op o h orgal  DnA.
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For vgao
th fr DnA profl o  b ud    a  or vgao  

(h edrby  doubl murdr a)  ar how blow. Ky:  

a  =  har roo rom h fr vm,  b  =  mxd  m ad  

vagal  ud rom h fr vm,   =  b lood  o od  

vm,  d  =  vagal  wab rom od  vm,    =  m 

a  o  od  vm,   =  b lood  o prm up.

a b s c d e s

two bad   rak b  dad  by  arrow mu b  rom 

DnA   h  u lpr  m  bu ar  o pr   DnA rom 

h  prm  up,  who  wa o gu l y  dp  havg 

od  o  h  murdr.

Pary  vgao

kb

10

8

6

4

20

2.3

GFED


th DnA profl o a  amly  o duok (Prunella 

modularis)  ar  how abov.  Duok ar mal l  brd 

oud    europ.  th rak rom l o  rgh ar:  h mohr,  

wo rd mal ha mgh hav b h ahr o h 

oprg ad  our oprg.  thr ar bad   h profl o 

hr oprg (D,  e ad  F)  ha ar oud    h profl  

o h   mal,  bu o h   mal  or h mohr,  howg ha 

h   mal  ahrd  hm dp bg l doma ha  

h   mal.

DnA PROFiLinG
i h DnA o huma ad  ohr orgam hr ar lo    h hromoom whr ad  o a  g og o a  log 

qu o ba hr ar muh  horr qu o hr,  our or fv ba ha ar rpad  may  m.  th rpad  

qu ar al ld  hor adem repea (stR) .  A h stR lo  hr ar may  dr pobl  al ll ha vary    h 

umbr o rpa.  stR al ll ar ud    DnA profl g (alo al ld  DnA fgrprg) .  

1 .  A ampl  o DnA   obad  rom a  pro.  i   mu o b  oamad  wh  DnA rom ayo l  or aohr orgam.

2. DnA rom a  lo o stR lo   opd  by  PcR. th DnA rom bw 11  ad  13  lo   opd    ommoly  ud  DnA 

proflg mhod.  i    vry  ul kly  or wo dvdual o  hav h am umbr o rpa a ah  o h lo.

3 .  th  op o stR a l ll mad  by  PcR rom o  pro DnA ampl  ar  parad  by  gl  lrophor.  th  rul  

a  par  o bad.  two dvdual ar  xrmly  ul kly  o  hav  h  am par  o bad ul hy  ar  dal  

w.  

DnA profl g  ud    or vgao (obag vd o  u   our a)  ad  vgag pary  (who h 

ahr o a  hld  ) .  

DnA proflig
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Geetic modifcatio

Gene tRAnsFeR UsinG PLAsMiDs
G modfao  h rar o g rom o p o aohr. Orgam ha hav had g rarrd o hm ar  

alld  geetically modifed orgaisms (GMO)  or rag orgam. th rar o h g or huma ul  o bara wa 

ould   top 2. th mhod ud or g rar o bara  ar xplad   h ow har blow. G ar rarrd  

bw p ug a  vector.  i  h a h vor  a  mall  loop o DnA alld  a  plasmid.  two zym ar ud o r g 

o plamd: restrictio edoucleases u DnA molul a pf ba qu ad DnA ligase mak ugarphopha 

bod o l k ulod oghr ad orm ouou rad o ulod. A plamd  wh a  g rom aohr p rd  

 alld  a  recombiat plasmid .  th ll  ha rv h g  a  ho ll .  i  h xampl blow E.  coli  h ho ll.  

Messenger RNA coding

for insul in  is  extracted

from human  pancreas

cel ls  that  make insul in .

1 .

2.

3 .

4.

5.

6.

7 .

8.

9 .

10.

DNA copies of the

messenger RNA are

made using the

enzyme reverse

transcriptase.

Sticky  ends are

made by  adding

extra  G  nucleotides

to  the  ends of

the gene.

The insul in  gene and

the plasmid  are  mixed.

They  l ink by  complementary

base pairing (C  G) ,  between

the sticky  ends.

Plasmids are

cut  open  using

restriction

enzymes.

The recombinant

plasmids are mixed

with  the host  cel ls  

(.coli ) .The host  cel ls  

absorb them.

. coli

. coli

Human  insul in

The   bacteria  start

to  make human  insul in ,

which  is  extracted,  puried

and  used  by  d iabetics.  

The  genetical ly

 are

cultured  in  a

fermente

modied

r.

DNA l igase seals up

the n icks in  the  DNA

by  making sugar

phosphate  bonds.

Sticky  ends are

made by  adding

extra  C nucleotides

to  the  ends of the

cut  plasmid.

BeneFits AnD RisKs OF Genetic MODiFicAtiOn  OF cROPs
th produo  o huma ul   ug bara  ha ormou bf ad  o obvou harmul  .  G modfao  

o rop pla  mor orovral .  A  xampl o h  or  or maz (Zea mays) .  A g rom a  barum (Bacillus 

thuringiensis)  ha b rarrd  o  om var.  th g od or a  baral  pro  al ld  B ox,  whh  kl l  

p dg o  h rop,  pal ly  or  borr ha a  au rou damag.

Poal  bf o B maz
1. H ghr rop yld ad  hu mor ood  or huma,  du o  

l p damag.  

2.  L lad  dd  or rop produo,  o  om ould  

bom ara or wldl   orvao.

3.  L u o d pray,  whh  ar xpv ad  

a  b harmul  o  arm workr ad  o  wldl .

(Ohr GM  rop ar bg produd  wh  hrbd  ra,  

rad  vam  o,  drad  al lrg  or ox  

o,  ra o  vru da ad  rad  olra 

o  drough,  old  or al  ol.)  

Pobl  harmul   o B maz
1. i ha ar o p ould b klld. Maz poll  

oag h ox  blow oo wld pla growg ar h 

maz. i dg o h wld pla, ludg arpllar 

o h Moarh bury (Danaus plexippus)  ar hror 

ad v  hy do o d o h maz. Lav ad  

m rom h rop ar harv ll  oa h ox whh  

ould harm  drvor  h ol  ad  ram. 

2.  th rarrd  g mgh prad  o  populao o wld  

pla by  ro-pol l ao,  makg hm alo ox o  

 dg o  hm. 

3 .  th   p o or  may  dvlop  ra  o  h 

B ox.
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cloning

cLOnes AnD cLOninG
A group o gal ly  dal  orgam drvd  rom a  

gl  orgal  par l l    a  lone  ad  produo  o a  

orgam ha  gal ly  dal  o  aohr orgam 

 loning.  Axual  rproduo   a  aural  orm o log.  

May  pla p ad  om amal  p a  do h,  

ug mo o  produ h gal ly  dal  l l 

rqurd.  For xampl,  pla lo hmlv by  growg 

xra  bulb,  ubr,  rur or ohr ruur.  Fmal 

aphd (gry)  a  gv brh  o  youg ormd  axual ly  

rom hr ow  l l.  

thr ar alo mhod o aral  log or boh  pla 

ad  amal.  clog  vry  uul   mor orgam wh  a  

drabl  ombao  o harar ar wad.  

cLOninG ADULt AniMALs UsinG DiFFeRentiAteD ceLLs

Egg without  a

nucleus fused

with  donor cel l

using a  pulse of

electricity     

Embryo resulting from 

fusion  of udder cel l  and

egg transfered  to  the

uterus of a  third  sheep

which  acts  as the

surrogate mother     

Cel l  taken  from udder of

donor adult  and  cultured

in  laboratory  for six days

Unferti l ized  egg taken  from another

sheep.  Nucleus removed  from the  egg

Surrogate mother

gives birth  to  lamb.

Dol ly  is  genetical ly

identical  with  the

sheep that  donated

the udder cel l

( the  donor)     

ARtiFiciAL cLOninG OF AniMALs
th mpl mhod  o log a  amal   o  brak up a  

mbryo o  mor ha  o group o l l a a  arly  ag 

wh  o rly  o mbryo m l l.  eah  

group o l l dvlop o  a  para  gal ly  dal  

dvdual .  th drawbak  ha a h mbryo ag h 

harar o a  amal  ar moly  ukow. 

i    muh mor d ful o  lo a  adul amal  wh  

kow harar,  bu mhod hav b dvlopd.  

O mhod   somati-ell  nulear transfer,    whh  

h ulu  rmovd  rom a  gg l l  ad  rplad  by  

a  ulu rom a  drad  oma (body)  l l .  th 

mhod  ( blow)  wa ud  o  produ Dol ly,  h r 

mammal  o  b lod  rom a  adul oma l l .

inVestiGAtinG FActORs AFFectinG ROOtinG in  steM  cUttinGs
sm ug ar hor lgh o m ha ar ud  o  lo 

pla aral ly.  i  roo dvlop rom h m, h ug 

a  bom a  dpd w pla.  som pla p 

roo wh h ba o h ug  plad    war bu 

ohr roo br wh    rd  o  a  ol d  mdum. th 

dagram (rgh)  how a  ba mhod  or roog a  ug.

May  aor a whhr h ug wl l  orm roo or o.  

O o h ould  b vgad      h independent 

variable.  For xampl,  h dpd varabl  ould  b how 

may  lav ar l o  h ug,  whhr a  hormo roog 

powdr  ud,  how warm h ug ar kp ad  whhr 

a  pla bag  plad  ovr h  ug.  th dependent 

variable  ould  mply  b whhr ay  roo ar ormd  or o,  

or o  mak h  vgao  quaav  h  umbr o roo 

ould  b oud.  Al l  ohr aor ha ould  a roog ar  

ontrol  variables  ad  mu b kp h am. For xampl,  

ug rom h am p o pla hould  b ud  or 

h whol  vgao.  thr  hould  b repeats  o  mak h 

vgao  rl abl  ad  avod  aomalou rul ladg o  

al oluo.  

Clear plastic bag

increases humidity

and  decreases

transpiration.  

Cutting removed  from 

the  parent  plant  with  

a  cut  just  below a  node.

Compost  must  be  

wel l -aerated  and  

moisture-retentive.
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Questions  genetics

1.  a)   L h ol lowg   ordr o rag gom z:  

Drosophila melanogaster,  Escherichia coli,  Homo 

sapiens,  Paris japonica  ad  t2  phag.  [4]

b)  L h ol lowg   ordr o rag umbr o 

hromoom   h  body  l l:  Canis familiaris,  Homo 

sapiens,  Oryza sativa,  Pan troglodytes ad  Parascaris 

equorum .  [4]

)  ( )   expla  h rao or body  l l   amal 

havg v rahr ha  odd  hromoom 

umbr.  [2]

( )  sugg o au o body  l l havg a  odd  

hromoom umbr.  [1]

d)  Aaly h lo o rlaohp bw  

omplxy  ad  gom z ad  bw omplxy  

ad  hromoom umbr   h orgam. [4]

2.  th mrograph o blubl l  ahr blow how l l   

mo.

I

IV

V

III

I I

a)  idy  h ag o mo o l l i  o  V.  [5]

b)  Draw dagram o  how ah o h ag.  [10]

3.  th pdgr blow how h blood  group o om 

dvdual.

=  male

=  female

A AB1

2

3

OB

B

a)  expla  h oluo ha a  b  draw abou 

h  goyp o h dvdual   h pdgr   

grao 2  ad  3 .  [3]

b)  expla  o  whh  blood  group h par o h  

blood  group O  mal    h pdgr ould   

hav blogd.  [3]

)  U a  Pu grd  o  drm h rao  bw 

pobl  goyp ad  blood  group or hldr   

who par boh  hav blood  group AB.  [4]

4.  a)    sa h am ud  by  bolog or a  group o 

gal ly  dal  orgam drvd  rom  

a  gl  orgal  par l l .  [1 ]

b)  Oul  o hqu or log adul amal,   

ug drad  l l.  [2]  

 th fgur blow how DnA profl o hp ha wr 

volvd  h Dol ly  log xprm.  U  =  d rad  

l l ak rom h uddr o a  hp ud    h 

xprm c =  l l   a  ulur drvd  rom h  

uddr l l D  =  blood  l l ak rom Dolly  h hp 

112 =  rul rom ohr hp.

1 2 U C D 3 4 5 6 7 8 9 101112

kb

12

10

8

6

4

)  ()   expla  whhr DnA ragm   h profl  

had  movd  upward or dowward.  [2]

( )  expla  h oluo ha a  b draw  

rom h DnA profl o h hp.  [3]

d)  sa wo u o DnA profl g   huma.  [2]

5.  th abl  blow how h prag o gg l l ha 

ald  o  b  r l zd    iVF,  rulg rom o-djuo  

du o  wo pobl  au.

error   h fr d vo  o 

mo 

Ag o mohr (yar)

2534 3539 4045

A bval a l o  pl  1 .5% 7.4% 24.2%

A romr dvd 14.9% 20.6% 18.1%

a)  expla  how Dow ydrom ould  b aud  by

()  h  hromoom   a  bval a l g  

o  para [3]

( )  a  romr dvdg durg mo 1 .  [3]

b)  evalua  h  hypoh ha h ha o o-

djuo  ra wh  maral  ag ug h  

daa    h abl.  [4]  
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4 E C O LO G Y

Modes of nutrition

POPULATIONS AND SPECIES 
A species  is  a  group o organisms with  similar 

characteristics,  which  can  potential ly  interbreed  and  

produce erti le  ospring.  

A population  is  a  group o organisms o the  same species,  

who l ive in  the same area  at the  same time.

Members o a  species may be reproductively  isolated  

in  separate populations but,  as long as they could  stil l  

interbreed  i the populations came together again, they  are  

the same species. For example, the wood mouse (Apodemus 

sylvaticus)  l ives in  Britain  and on Iceland. These two 

populations do not actually  interbreed but potential ly  could,  

so they are the same species.  

AUTOTROPHS AND HETEROTROPHS
There are two main  modes o nutrition:  autotrophic  and  

heterotrophic.  Put simply,  autotrophs make their own  ood  

and  heterotrophs get ood  rom other organisms. A u l ler 

explanation  is needed  than  this,  however.

Autotrophs  absorb carbon dioxide,  water and  inorganic 

nutrients such  as nitrates rom the abiotic (non-l iving)  

environment and  use them to  synthesize  al l  the carbon  

compounds that they  need.  An  external  energy  source such 

as l ight is needed  to  do  this.  

Example o an  autotroph:  a  corn  plant (Zea mays) .

Heterotrophs  cannot make all  the carbon compounds that 

they need and instead obtain them rom other organisms. 

Many carbon compounds including proteins or starch must be 

digested by heterotrophs beore they can absorb and use them.

Example o a  heterotroph:  wood  mouse (A .  sylvaticus) .

MODES OF HETEROTROPHIC NUTRITION
There are three main  modes o heterotrophic nutrition:  

Saprotrophs  obtain  organic nutrients rom dead  organisms 

by  external  d igestion.  They  secrete  digestive enzymes into  

material  such  as dead  leaves or wood,  dead  animals and  

eces.  Protein,  cel lulose and  other carbon compounds are 

digested  external ly  and  the saprotrophs then  absorb the 

substances that they  need.  Saprotrophs are also known as 

decomposers.  Most saprotrophs are bacteria  or ungi.

Consumers  eed  on  l iving organisms by  ingestion.  This 

means that they  take other organisms into their d igestive 

system or digestion  and  absorption.  The organism may  

be swal lowed  whole or in  parts.  I t may  sti l l  be  al ive or have 

recently  been kil led.  For example,  deer eat the leaves o 

plants which  are sti l l  a l ive whereas a  vulture  eats parts o 

an  animal  that has been kil led.  The skul l  o the vulture Gyps 

rueppellii shows adaptation  or picking meat o carcasses.  

Detritivores  obtain  organic nutrients rom detritus by  

internal  d igestion.  Detritus is dead  material  rom l iving 

organisms and  includes dead  leaves or roots,  parts o 

decomposing animals and  eces.  

Honey  bees secrete 

wax to make comb in  

their colonies. Larvae 

o the wax moth  

(Achroia grisella) ,  

shown let,  are  

detritivores that eed  

on  the wax comb. The 

moths preer old  comb 

as it has the protein-

rich pupal  cases o 

honey  bees in  it.  

HETEROTROPHIC PLANTS AND ALGAE
Most plants and  algae are autotrophs, but there are 

some exceptional  species that no longer make ood  by  

photosynthesis and  instead  obtain  carbon compounds rom 

other organisms,  They  are thereore heterotrophs.  Some 

obtain  carbon compounds directly  rom plants,  or example 

dodder (Cuscuta europaea) ,  which  eeds on the stems o 

other plants.  Others obtain  carbon compounds rom ungi  

l iving on  the roots o trees,  or example the ghost orchid  

(Epipogium aphyllum)  which l ives entirely  underground  

except when it fowers. Because o species such as this,  we 

cannot assume that a  plant or alga  is autotrophic  not al l  are.  
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Communities and ecosystems

COMMUNITIES
Populations do not l ive  in  isolation   they  l ive together with  

other populations in  ecological  communities.  A community  

is  a  group o populations o d ierent species l iving together 

and  interacting with  each  other in  an  area.

There are many types o interaction  between populations in  a  

community.  Trophic relationships are very  important  where 

one population  o organisms eeds on another population.  

The complex network o eeding relationships in  a  community  

is cal led  a  food web.

QUADRAT SAMPLING OF COMMUNITIES
A quadrat  is a  square sample area used in  ecological  research.  

To carry out quadrat sampling o an area, frst mark out gridlines 

along two edges o the area. Use a  calculator or tables to  

generate two random numbers to use as coordinates, and place 

a  quadrat on the ground with its corner at these coordinates.

Record  the presence or 

absence o each species o 

interest inside the quadrat,  

or record  the number o 

individuals. Repeat with  as 

many quadrats as possible.  
ECOSYSTEMS
Communities o l iving organisms interact in  many  ways with  

the soil ,  water and  air that surround  them. The non-l iving 

surroundings o a  community  are its abiotic environment.  

A community  orms an  ecosystem  by  its interactions 

with  the  abiotic environment.  There are many  o these 

interactions,  but particularly  important are transers o 

chemical  elements between  populations in  the community  

and  the abiotic environment because these are an  essential  

part o nutrient recycl ing.  

MESOCOSMS
Ecosystems have the potential  to  be sustainable over 

long periods o time.  As long as nutrients are recycled,  

ecosystems only  require a  supply  o energy,  usual ly  

in  the orm o l ight,  to  continue indefnitely.  This can  be 

demonstrated  by  setting up mesocosms.  

A mesocosm  is  a  smal l  experimental  area  set up in  an  

ecological  research  programme. The apparatus below shows 

one design  o mesocosm. 

5 l itre  clear 

glass jar

seal  to  prevent

entry  or exit

of a l l  chemical  

substances

air containing 

oxygen  and  

carbon  d ioxide

mud  from 

bed  of pond

pond  water

containing

autotrophs,

consumers,

detritivores

and  

saprotrophs

  Autotrophs are an  essential  component,  to  produce 

carbon compounds and  regenerate oxygen used  in  cel l  

respiration  by  organisms in  the mesocosm. 

  Saprotrophs are also  essential ,  to  decompose dead  

organic matter and  recycle  nutrients.  

  Consumers and  detritivores may  not be  essential ,  but are 

a  normal  part o ecosystems so are usual ly  included.  I t 

is  unethical  to  include large animals in  mesocosms that 

cannot obtain  enough ood  or oxygen.  

e.g.  14

and  7

USING THE CHI -SQUARED TEST
I the presence or absence o two species is recorded  in  a  

large number o quadrats,  a  chi-squared  test or association  

between  the species can  be perormed.  

Example:  the presence or absence o two seaweeds was 

recorded  in  fty  1  m2  quadrats on  a  rocky  sea  shore  at 

Musselwick on  the Atlantic coast o Wales.  

The contingency  table  below shows the results.

Expected  results 

assuming no  

association  

are shown in  

brackets.  They  are 

calculated  using 

this equation:

 

=   
row total    column total

  
_____

  
grand  total

  

To  calculate chi-squared  (2 )  this equation  is used:

2  =      
(f

o
   f

e
) 2

 
__

 
 f

e

  

2  =  2 .20  +  2 .37  +  1 .59  +  1 .73  =  7 .89

The calculated  value o chi-squared  (7.89)  is compared  with  

the critical  region.  This is ound  rom a  table  o chi-squared  

values.  The number o degrees o reedom must be known 

and  also the signifcance level ,  which  is usual ly  5% .  

The number o degrees o reedom is calculated  using this 

equation:  degrees o reedom =  (m    1 ) (n    1 ) ,  where m  

and  n  are  the number o rows and  number o columns in  the  

contingency  table.  In  this example,  there is one degree o 

reedom. 

The critical  value  or chi-squared  with  one degree o reedom 

and  a  signifcance level  o 5%  is  3 .84,  giving a  critical  region  

o 2  >  3 .84.  The calculated  value or 2  is  7.89,  which  is 

within  the  critical  region.  There is thereore  evidence at the 

5%  level  or a  signifcant d ierence between the actual  and  

expected  results.  

The results in  the contingency  table  show that the two 

species o algae tend  not to  occur together in  the  same 

quadrats.  This is because Fucus serratus  mostly  grows in  a  

zone towards the bottom o the beach and  F.  vesiculosus  in  a  

zone urther up the beach.

Fucus vesiculosus

Present Absent

Fucus  

serratus

Present 6  

(10.9)

15  

(10.1)

Absent 20  

(15.1)

9   

(13.9)

where f
o
 and  f

e
 are  the observed  

and  expected  requencies

expected  

requency
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Energy fow

ENERGY SOURCES
The organisms in  a  community  al l  need  a  supply  o energy.  Most organisms obtain  their energy  in  one o two ways:  

1 .  Plants,  a lgae and  some bacteria  absorb l ight 

energy  and  convert it by  photosynthesis 

into  chemical  energy  in  carbon  compounds.  

Because these organisms make their own  ood  

they  are cal led  producers.

2.  Consumers, detritivores and  saprotrophs obtain  

energy  rom their ood. There is chemical  energy  

in  carbon compounds in  the ood. Carbon 

compounds and  the energy  contained  in  them 

can pass rom organism to organism along ood  

chains,  but al l  ood  chains start with  a  producer 

that original ly  made the carbon compounds 

by  photosynthesis.  Light is thereore the initial  

energy  source or the whole community.  

The fow chart (right)  shows how light can provide 

energy or all  the organisms in an ecosystem. 

Release of energy  by  cel l

respiration  for use  in  the

producer then  loss as heat

energy  in  organic

matter in  producers

energy  in  organic matter

in  primary  consumers

energy  in  organic matter in

detritivores and  saprotrophs 

l ight

energy

heat

photosynthesis

Death  of the producer so  the

energy  passes to  detritivores

and  saprotrophs when  they

digest  the  producer   

Energy  passes to  a  primary

consumer when  it  eats the

producer

ENERGY LOSSES 
Food  containing energy  is passed  along ood  

chains when the primary  consumer eeds on  the 

producer,  the secondary  consumer eeds on  the 

primary  consumer and  so on.  At each  successive 

stage in  the ood  chain  less ood  is available  and  

thereore less chemical  energy.  This is due to  

losses o ood  and  energy  between the stages in  

a  ood  chain.  There are three ways,  shown in  the  

fow chart (right)  by  which  ood  and  energy  can  be  

passed  to  detritivores or saprotrophs rather than  to  

the next stage in  the ood  chain:  

1 .  Some organisms die  beore they  are eaten  

by  the next organism in  the ood  chain.  For 

example,  oxes do not eat every  rabbit in  their 

community  and  some rabbits die  rom disease.  

2.  Some parts o organisms are  not eaten,  such  as 

bones,  hair and  gal l  bladders.  

3.  Some parts o organisms are indigestible, such  

as cellulose in  ood eaten by  humans. The 

undigested parts are egested in  eces.

So,  energy  in  the bodies o dead  organisms,  parts 

o organisms and  in  eces passes to  detritivores or 

saprotrophs.

The other cause o energy  losses is cel l  respiration.  

Al l  organisms release energy  rom carbon 

compounds by  cel l  respiration  and  use the 

energy  or essential  processes such as muscle 

contraction  or active transport.  Energy  used  in  

this way  is converted  into  heat which  is lost rom 

the organism. No organisms can  convert the heat 

energy  back into  chemical  energy,  and  the heat 

is eventual ly  lost rom the ecosystem. For this 

reason,  ecosystems need  an  energy  source to  

replace energy  lost.  For most ecosystems the 

energy  source is sunl ight.  This is summarized  in  

the fow chart (rigtht) .

energy  in  organic

matter in

detritivores and

saprotrophs

heat

energy  in  organic

matter in  the

tissues of primary

consumers

energy  in  organic

matter eaten  by

secondary

consumers

Release of energy  by  cel l  respiration  

for use  in  the primary  consumer 

then  loss as heat  

Energy  passes to  a  secondary

consumer when  it  eats the

primary  consumer 

Some organic matter

is not  d igested,  so

energy  is  lost  in  feces

and  passes to  

detritivores and

saprotrophs

Death  of the  primary  consumer or

discarding of uneaten  parts of i t  so  

energy  passes to  detritivores and  

saprotrophs when  they  d igest  its  body

energy  in  organic

matter eaten  by

primary  consumers

heat

detritivores and  saprotrophs

feeding

primary

consumers

secondary

consumersfeeding

l ight

energy

producers

c e l l  r e s p i r a t i o n

dea th ,  l oss  of t i ssues  and  feces

cel l

respiration
photosynthesis
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Food chains and energy pyramids

TROPHIC LEVELS AND FOOD CHAINS
Each  species in  a  ood  chain  eeds on  the previous one,  apart rom the producer at the start that makes its own ood  by  

photosynthesis.  The example o a  ood  chain  shown below is rom rainorest at Iguazu  in  north-east Argentina.

Jaguar

(Panthera onca)

Passionower

(Passiora schumanniana)

Hel iconius buttery

(Heliconius erato)

Tegu  l izard

(Tupinambis teguixin)

Producer Primary  consumer Secondary  consumer Tertiary  consumer

Producer,  primary  consumer,  secondary  consumer and  tertiary  consumer are trophic levels.  The  trophic level  o an  organism is 

its position  in  the ood  chain.  Food  chains commonly  contain  three or our trophic levels and  rarely  more than  fve.  

The l imited  length  o ood  chains can  be  explained  by  the theories o energy  ow and  energy  losses.  Only  a  smal l  proportion  o 

energy  and  biomass is passed  on  rom one trophic level  to  the next.  The percentage is very  variable  but is unl ikely  to  be more 

than  10% .  

Energy  pyramids show clearly  how the amount o energy  drops along ood  chains and  that once the ourth  or fth  trophic level  

is  reached,  too l ittle  energy  remains to  sustain  another level .  

ENERGY PYRAMIDS
Energy  pyramids are diagrams that show how much  energy  

ows through each trophic level  in  a  community.  The amounts 

o energy  are shown per square  metre o area  occupied  by  the 

community  and  per year (kJ  m- 2  year- 1 ) .

The fgure (right)  is a  pyramid  o energy  or Si lver Springs,  

a  stream in  Florida.

The fgure (below right)  is a  pyramid  o energy  or a  salt marsh  

in  Georgia.  

Pyramids o energy  are always pyramid  shaped   each  level  

is  smal ler than  the one below it.  This is because less energy  

ows through each successive trophic level .  Energy  is lost at 

each  trophic level ,  so  less remains or the next level .  Biomass 

is also lost so  the  energy  content per gram o the  tissues o 

each  successive trophic level  is  not lower.  Biomass is lost 

when  carbon compounds are  broken down by  cel l  respiration  

and  the carbon dioxide produced  is excreted.  Removal  o 

waste products o metabol ism such  as urea  also causes loss 

o biomass.  

A pyramid  o energy  is a  type o bar chart with  horizontal  

bars arranged  symmetrical ly.  The bars should  al l  be  drawn to  

scale.  Triangular pyramids o biomass are not appropriate as 

they  do not show the amounts o energy or the  trophic levels 

accurately.  Labels should  indicate  the  trophic levels with  

producers at the base,  then  primary  consumers,  secondary  

consumers and  so  on.  I t is  helpul  to  put the energy  values 

alongside each  bar on  the pyramid.  
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Nutrient cycles

NUTRIENT RECYCLING IN  ECOSYSTEMS
There is an  important dierence between  energy  and  

inorganic nutrients in  ecosystems:

Energy  is  suppl ied  to  ecosystems in  the orm o l ight and  

converted  to  chemical  energy  by  producers (autotrophs) .  

This chemical  energy  is eventual ly  used  in  a  l iving cel l  and  

converted  to  heat,  which  cannot be recycled  and  is lost rom 

the ecosystem,  but more l ight is received.  

Ecosystems  have l imited  suppl ies o nutrients,  but these 

suppl ies do not run  out because nutrients can  be recycled.  

Carbon,  nitrogen,  phosphorus and  al l  the other essential  

elements are absorbed  rom the environment,  used  by  l iving 

organisms and  then  returned  to  the environment.

CARBON  SOURCES IN  AIR AND WATER
Autotrophs absorb carbon dioxide either rom the atmosphere 

or rom water.  The carbon dioxide is absorbed  into autotrophs 

by  diusion  and  converted  into carbohydrates and  other 

carbon compounds.

In  aquatic ecosystems carbon is also present in  the orm 

o hydrogen carbonate  ions (  HCO   
3
  


  ) ,  ormed  when  water 

and  carbon  dioxide combine to  orm carbonic acid,  which  

dissociates to  produce hydrogen  carbonate ions.

CO
2
 +  H

2
O    H

2
CO

3
   H+  +   HCO   

3
  


  

Many aquatic autotrophs absorb and use both dissolved carbon  

dioxide and hydrogen carbonate ions in photosynthesis.

DRAWING THE CARBON  CYCLE

Carbon  compounds

in  saprotrophic

bacteria  and  fungi

cel l

respiration
cel l

respiration

cel l

respiration
photosynthesis

death

feedingdeath

CO
2

in  a ir and  water

Carbon  compounds

in  producers

combustion

in  forest  res

Carbon  compounds

in  consumers

METHANE IN  THE CARBON  CYCLE
The gas methane is produced natural ly  by  a  group o 

prokaryotes cal led  methanogenic archaeans.  They  break 

down organic matter in  anaerobic conditions and  release 

methane as a  waste product.  This process happens in  

swamps, bogs and  other sites where there are anaerobic 

conditions,  so dead  organic matter is not ully  decomposed  

by  saprotrophic bacteria  and  ungi.  The methane may  

accumulate in  the ground or diuse into the atmosphere.  

Methane is a  relatively  stable substance in  the atmosphere,  

but is eventually  oxidized  to carbon dioxide, so concentrations 

o methane in  the atmosphere have remained low.

COMBUSTION  IN  THE CARBON  CYCLE
Carbon  d ioxide is  produced  by  the  combustion  o carbon 

compounds.  Although  it is  a  non-biological  process because 

it is  not carried  out by  l iving organisms,  i t occurs natural ly  

in  some ecosystems where l ighting can  set fre  to  orest or 

grassland.  Biomass then  burns,  releasing carbon  d ioxide.  

Over a  mil l ion  years ago,  humans learned  how to  set fre 

to  wood  and  control  the  process o combustion.  During 

the industrial  revolution,  methods were developed  or 

extracting coal ,  oi l  and  gas and  or generating energy  rom 

their combustion.  This now releases large and  increasing 

quantities o carbon dioxide into  the  atmosphere.  

The boxes show sinks    methods o 

carbon storage in  ecosystems. The sink o 

methane in  the atmosphere could  be  added  

and  also methane uxes.  

In  the  carbon cycle  shown here the arrows 

show fuxes    transers o carbon.  The 

thickness o an  arrow indicates the  size o  

a  ux.
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Carbon cycle

ATMOSPHERIC MONITORING
Air monitoring stations at various sites around  the world  

measure concentrations o carbon dioxide,  methane and  

other gases.  The measurements are as accurate  as possible  

so that rel iable  data  is available  to  scientists.  

CO
2
 concentrations show an  annual  fuctuation.  There is a  

drop rom May  to  October and  then  a  rise  through to  the next 

May.  The drop is due to  an  excess o photosynthesis over 

cel l  respiration  global ly  and  vice versa  or the rise.  These 

changes ol low northern  hemisphere seasons,  as the area  

o land  is greater and  CO
2
 concentrations are greater on  land  

than  in  the sea.  

In  addition to the annual  fuctuation there is also a  rising trend  

in  atmospheric CO
2
 concentrations due to human activities.

CARBON  FLUXES IN  THE CARBON  CYCLE
It is not possible  to  measure global  carbon  fuxes precisely  

but scientists have produced  estimates.  These are based  

on  many  measurements in  natural  ecosystems and  in  

mesocosms. Global  fuxes are very  large,  so  estimates are 

in  gigatonnes.  Ocean  uptake is CO
2
 rom the atmosphere 

dissolving in  sea  water and  ocean loss is the opposite.  

Process  Flux/gigatonnes year
- 1

Photosynthesis -120

Cel l  respiration  +119.6

Ocean uptake  -92.2

Ocean loss  +90.6

Deorestation  and  land  use changes   +1.6

Combustion  o ossil  uels   +6.4 

LIMESTONE IN  THE CARBON  CYCLE
Limestone is rock that consists mainly  o calcium carbonate 

(CaCO
3
) .  I t oten  contains many  ossils such  as mol lusc 

shel ls and  skeletons o hard  corals.  These organisms absorb 

calcium and  carbonate ions and  secrete  them as calcium 

carbonate.  The shel ls o marine mol luscs al l  to  the  sea  bed  

when  they  die  and  become part o l imestone rock.  Skeletons 

o hard  corals accumulate over long periods o time 

gradual ly  building coral  ree,  which  consists o l imestone.  

Huge amounts o carbon are locked  up in  l imestone on  Earth.  

This carbon can  be released  i the l imestone reacts with  acid.  

Rainwater contains carbonic acid  (H
2
CO

3
)  and  can  cause 

calcium carbonate  to  break down and  release its carbon:

carbonic +  calcium     Ca2+   +    HCO   
3
  


    

 acid  carbonate (calcium ions)  (hydrogen

    carbonate ions)

FORMATION  OF FOSSIL FUELS
1. Peat and coal   

Saprotrophs cannot break down dead  leaves and  other 

organic matter in  acidic and  anaerobic conditions. These 

conditions are ound  in  bogs and  swamps,  so  partial ly  

decomposed plant matter accumulates to orm thick 

deposits cal led  peat.  In  past geological  eras peat was 

crushed and  converted  into coal .  

2 .  Oil  and  gas   

Si l t is  deposited  on  the bed  o some shal low seas,  

together with  remains o dead  marine organisms. The 

organic matter is only  partial ly  decomposed  because 

o anaerobic conditions.  This process occurred  in  past 

geological  areas.  The si l t on  the sea  bed  was converted  

to  shale,  with  compounds rom the organic matter 

becoming oi l  or gas trapped  in  pores in  the rock.

THE BIOGEOCHEMICAL CARBON  CYCLE
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Light  from the Sun  has

short  wavelengths and  can

mostly  pass through  the

atmosphere

Greenhouse gases in  the

atmosphere including CO2,

methane,  water vapour

and  sulphur d ioxide  trap

some of the  long-wave

radiation,  causing the Earth

to  be warmer than  if the

radiation  escaped.

Sunl ight  warms up the
surface of the Earth  which
emits long-wave radiation

Cause of the greenhouse eect

Global  warming and the greenhouse efect 

THE GREENHOUSE EFFECT
The Sun  emits radiation  and  some o th is  reaches the  Earth.  

The  radiation  is  predominantly  short wavelength.  25%  o 

i t  is  absorbed  in  the  atmosphere,  with  ozone absorbing 

much  o the  u l traviolet.  75%  o the  solar rad iation  thereore  

reaches the  Earths  surace,  where  most o i t is  absorbed  

and  converted  to  heat.  The  surace  o the  Earth  re-emits 

radiation,  but at much  longer wavelengths,  mostly  inrared  

(heat) .  A ar h igher percentage  o this  longer wavelength  

radiation  is  absorbed  in  the  atmosphere  beore  i t  has passed  

out to  space.  Between  70  and  85%  i s  trapped  by  gases in  

the  atmosphere.  The  gases re-emit the  radiation  and  some o 

i t  passes back to  the  surace  o the  Earth,  causing warming.  

I t  is  ca l led  the  greenhouse eect and  the  gases that trap  the 

radiation  are  known  as greenhouse gases.  

GREENHOUSE GASES
Only  certain  gases in  the atmosphere have the abi l ity  to  trap 

long-wave radiation  and  thereore  act as a  greenhouse gas.  

The impact o a  gas depends both  on  its abil ity  to  absorb long-

wave radiation  and  on  its concentration  in  the  atmosphere.  For 

example,  methane causes much more warming per molecule 

than  carbon  dioxide,  but as it is  at a  much lower concentration  

in  the atmosphere its impact on  global  warming is less.  Carbon 

dioxide  and  water vapour  are  the most signicant greenhouse 

gases.  Methane  and  nitrogen oxides  a lso  have an  eect,  but 

it is smal ler.  I t is important to  note  that stratospheric ozone 

is not a  signicant greenhouse gas.  I t intercepts much more 

incoming short-wave radiation  than  outgoing long-wave 

radiation,  so  ozone depletion  does not thereore increase the 

greenhouse eect.  The pie  chart (right)  shows the proportion  

o warming caused  by  carbon  dioxide,  methane,  nitrous oxide 

and  halocarbons produced  by  industry.  Water vapour is not 

included,  as its warming eects are difcult to  assess.  

carbon  d ioxide

(CO2)

63.4%

methane

(CH4)

18.3%

nitrous oxide

(N2O)

6.1%

Comparison  of the warming eects of greenhouse gases

halocarbons

12.2%

GLOBAL WARMING AND CLIMATE CHANGE
Physical  scientists have calculated  that 

without the greenhouse eect the mean 

temperature  at the Earths surace would  be  

about -18 C. The actual  mean temperature 

is more than  30  C higher,  so  it is  beyond  

dispute that global  temperatures and  cl imate 

patterns are inuenced  by  concentrations o 

greenhouse gases in  the Earths atmosphere.  

I t is  a lso clear that human activities are 

causing increases in  the concentrations 

o carbon dioxide,  methane and  other 

greenhouse gases in  the atmosphere.  

Furthermore,  there is strong evidence that 

temperatures on  Earth  have increased  over 

the last 200 years.  The graph  (right)  shows 

mean  global  temperatures compared  with  the 

average rom 19511980. 

What is strongly  disputed  by  some people is whether global  warming and  other cl imate  changes are due to  greenhouse 

gas emissions rom human activity.  This claim has been evaluated  by  many  cl imate  change scientists,  who have almost al l  

concluded  that human activity  is indeed  inuencing the  global  temperatures and  cl imate patterns.
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Rising carbon dioxide concentrations

GLOBAL TEMPERATURES AND CARBON  DIOXIDE CONCENTRATIONS
To deduce CO

2
 concentrations and  temperatures in  the past,  columns o ice have been  dri l led  in  the Antarctic.  The ice has built 

up over thousands o years,  so  ice rom deeper down is older than  ice near the surace.  Bubbles o air trapped  in  the ice can  be 

extracted  and  analysed  to  fnd  the carbon  dioxide concentration.  Global  temperatures can  be deduced  rom ratios o hydrogen 

isotopes in  the water molecules.  The graph  (below)  shows results or an  800,000 year period  beore the present.  During this 

period  there has been a  repeating pattern  o rapid  periods o warming ol lowed  by  much longer periods o gradual  cool ing,  which  

correlate very  closely  with  changes in  CO
2
 concentrations.  

I t is  important always to  remember that correlation  does not prove causation,  but in  this case we know rom other research  that 

carbon  dioxide is a  greenhouse gas.  At least some o the temperature variation  over the  past 800,000 years must thereore have 

been due to  rises and  al ls in  atmospheric carbon  dioxide concentrations.
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CARBON  EMISSIONS AND GLOBAL 

WARMING
Over the last 150  years atmospheric carbon  dioxide 

concentrations have risen above the range shown in  the graph  

above. This is largely  due to combustion o ossil ized  organic 

matter (coal, oil  

and gas) . Since 

the start o the 

industrial  revolution  

200 years ago, both  

the burning o ossil  

uels and the CO
2
 

concentration have 

increased aster 

and aster. Global  

temperatures have 

also increased over 

this period by about 

0.8 C, with most 

o the increase 

occurring since 

1980 (see graph on  

previous page) .

Carbon dioxide concentrations and  global  temperature are 

correlated  but are not d irectly  proportional  as there are 

other variable  actors that aect temperatures.  As a  result 

global  warming is much more uneven year on  year than  

rises in  CO
2
.  There may  be periods o slower temperature rise 

despite  CO
2
 increases but also periods o particularly  rapid  

temperature increase.

CORAL REEFS AND CARBON  DIOXIDE
In  addition  to  its contribution  to  global  warming,  emissions o 

carbon dioxide are having eects on  the oceans.  Over  

500 bil l ion  tonnes o CO
2
 released  by  humans since the  start 

o the industrial  revolution  have dissolved  in  the  oceans.  

This has caused  the pH  to drop rom about 8.25  to  8.14.  This 

seemingly  smal l  change represents a  30%  acidifcation.  

Ocean  acidifcation  wil l  become more severe i the rise in  the  

CO
2
 concentration  o the  atmosphere continues.

Marine animals such as ree-build ing corals that deposit 

calcium carbonate in  their skeletons (above)  need  to  absorb 

carbonate ions rom seawater.  The concentration o carbonate 

ions in  seawater is low,  because they  are not very  soluble.  

Dissolved  carbon dioxide makes the concentration  even  

lower as a  result o some interrelated  chemical  reactions.  

Carbon dioxide reacts with  water to  orm carbonic acid,  which  

dissociates into hydrogen ions and  hydrogen carbonate ions.  

Hydrogen ions convert carbonate into hydrogen carbonate. With  

reduced carbonate concentrations in seawater not only  can  

new calcium carbonate not be made, but it dissolves in existing 

corals, threatening the existence o all  ree ecosystems. 
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Questions  ecology

In  questions 15 choose answers rom these nutritional  classes.

A.  autotrophs C.  detritivores

B.  consumers D.  saprotrophs

1.  Penicillium  ungus growing on  blue cheese secretes 

digestive enzymes into  the cheese and  then  absorbs the  

products o d igestion.  What nutritional  class is it in? 

2.  Cyanobacteria  absorb carbon dioxide,  mineral  ions and  l ight,  

and  synthesize  carbon compounds.  What nutritional  class 

are they  in? 

3 .  Marine iguanas have teeth  and  d ive  into  the sea  to  eat algae.  

What nutritional  class are they  in? 

4. Dung ies lay  their eggs on eces and the larvae that hatch out 

rom them ingest the eces. What nutritional  class are they in? 

5.  Female Anopheles  mosquitoes have piercing sucking 

mouthparts and  can  spread  malaria  when  they  eed  on  

blood.  What nutritional  class are they  in? 

6.  The diagram below shows in  simplifed  orm the transers o 

energy  in  a  general ized  ecosystem.

Each box represents a  category  o organisms,  grouped  

together by  their trophic position  in  the ecosystem.
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a)  Deduce trophic levels I ,  I I  and  I I I .  [3]

b)  State the orm o energy  entering box I .  [1 ]

c)  Identiy  which  arrow represents the greatest  

transer o energy  per unit o time.  [1]

d)  Explain  what the dotted  arrows indicate.  [3]

7.  Methane acts as a  greenhouse gas in  the atmosphere.  The 

main  sources o methane are the digestive systems o cattle  

and  sheep,  activity  o archaeans in  swamps,  marshes and  

rice paddies,  burning o biomass (or example orest fres)  

and  release o natural  gas.

a)  Discuss whether methane emissions rom these 

sources cause change in  the Earths temperature.  [3]

b)  Discuss whether release o methane is a  natural   

process or an  example  o a  human impact on  the 

environment.  [3]

c)  Suggest measures that could  be taken to  reduce the 

emission  o methane.  [3]  

8.  The graph  (top right)  shows the  Keel ing Curve  the 

atmospheric carbon  dioxide concentrations measured  at 

Mauna  Loa  Observatory  on  Hawaii  since 1958.  Two curves 

are shown:  the  oscil lating curve shows monthly  average 

concentrations;  the smoothed  curve has been adjusted  or 

seasonal  variations.
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a)  Estimate the size o seasonal  CO
2
 uctuations.  [1]

b)  Explain  the al ls in  CO
2
 concentration  rom May  to  

October and  rises rom November to  Apri l .  [4]

c)  ( i)   Calculate the change in seasonally adjusted carbon 

dioxide concentration between the start o the data   

in March 1958 and the end in December 2013. [2]

(i i)  Calculate the mean increase in  carbon  dioxide 

concentration  between 2000 and  2010.  [2]

(i i i)  Assuming this rate o increase continues,   

predict the  carbon d ioxide concentration  in   

the year 2100.  [3]  

d)  Explain  the increase in  carbon dioxide concentration  

shown by  the seasonal ly  adjusted  curve.  [3]  

9. Ten 17 m   4 m plastic bags were used to create mesocosms in  

a jord on the coast o Sweden. The mesocosms contained 55 m3  

o water and were open to the atmosphere at the top. Acidifed  

seawater was added to fve o them to simulate an atmospheric 

CO
2
 concentration o 1000 ppm. The numbers o Vibrio  bacteria  

in samples o water rom the mesocosms were measured rom 

March to May. Some Vibrio  species are pathogens o fsh and o 

humans. Maximum numbers reached during the trial  period in  

each mesocosm are shown in the table below. The maximum in  

the open water o the jord was 0.14 cm- 3 . Mesocosms treated  

with acidifed seawater are shaded grey.  

Vibrio  bacteria  (cm- 3  seawater)

M1 M2 M3 M4 M5 M6 M7 M8 M9 M10

0.60 0.27 0.22 0.88 0.07 1.20 1.71 0.26 0.10 1.89

a)  Calculate the mean  numbers o Vibrio  bacteria  in  

acidifed  and  in  control  mesocosms.  [4]

b)  Discuss evidence rom the data  or increased  CO
2
 

concentration  causing increased  Vibrio  numbers.  [4]

c)  The standard  error o the dierence between the 

two means was 0.4406. When  this value  is used  in  

a  statistical  test (t-test)  the conclusion  is that the 

dierence is not signifcant at the 5% level .  Explain   

the reasons or this and  the implications.  [3]

d)  Outl ine the potential ly  harmul  consequences o  

ocean  acidifcation,  apart rom increases in  Vibrio.  [4]
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5

Introducing evolution

E VO LU T I O N  AN D  B I O D I VE R S I T Y

EVOLUTION  IN  BIOLOGY
The word  evolution has several  

meanings,  a l l  o which  involve the 

gradual  development o something.  

In  biology,  the word  has come to  

mean  the  changes that occur in  l iving 

organisms over many  generations.  

Evolution  happens in  populations o 

l iving organisms. I t only  happens with  

characteristics that can  be inherited.  

This is a  useul  summary:  

Evolution  occurs when heritable 

characteristics of a  species change.

Although it is  not possible  to  prove 

that organisms on  Earth  are the result 

o evolution,  there is very  strong 

evidence or this theory.  One example  

o evolution  is described  on  this 

page and  our types o evidence or 

evolution  are explained  on  this page 

and  the next.

SPECIATION  AND PATTERNS OF VARIATION
Populations o a  species sometimes 

become separated  and  thereore 

unable  to  breed  with  each  other.  

They  are  then  able  to  evolve 

d ierently  and  d iverge  in  their 

characteristics more and  more.  The 

change in  the  populations may  be 

very  gradual  and  take  place over 

thousands o years or even  longer,  

but eventual ly  they  are  so  d ierent 

that they  would  not be  able  to  

interbreed  even  i they  inhabited  the  

same area  again.  The populations 

have thereore  evolved  into  separate  species.  When  taxonomists try  to  classiy  

l iving organisms into  species there  is  oten  much  argument about whether 

populations in  d ierent geographical  areas are  part o the  same species or are 

d ierent species.  This is  because there  is  continuous variation  in  the  amount 

o d ierence between  populations rom sl ight to  very  great.  This is  expected  i 

populations gradual ly  d iverge by  evolution  to  become separate  species.  I t does 

not t in  with  the  idea  o d istinct species being created  and  not evolving.

PENTADACTYL LIMBS AS EVIDENCE FOR EVOLUTION
Four groups o vertebrates have l imbs:  amphibians, reptiles,  birds and  mammals.  These vertebrates use their l imbs in  a  wide 

variety  o ways,  including walking, jumping,  swimming, cl imbing and  digging.  Despite this,  the basic bone structure is the same in  

al l  o them. The structure is known as the pentadactyl  l imb.  The most plausible  explanation is that al l  these vertebrates share an  

ancestor that had  pentadactyl  l imbs. Many  dierent groups have evolved  rom the common ancestor,  but because they  adopted  

dierent types o locomotion,  the l imbs developed  in  widely  dierent ways, to  suit the type o locomotion. This type o evolution is 

cal led  adaptive radiation .  

Structures l ike the pentadactyl  l imb that have evolved  rom the same part o a  common ancestor are cal led  homologous 

structures.  They  have similarities o structure despite the dierences in  their unction,  which would  be difcult to  explain  in  any  

way  apart rom evolution.  
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for d ierent  uses/habitants.

Human

1

2

3

Bat

4
5

5

4

3
2

1

2
3

4

5
1Anteater

3

1

2
3
4 5

1
2 3 45

Mole

Horse

Porpoise

A

C
D

B

1

Charles Darwins 

amous 1837 

sketch  showing 

evolutionary  

divergence o 

species



64 EVO LU T I O N  A N D  B I O D I V E R S I T Y

Further evidence for evolution

SELECTIVE BREEDING OF DOMESTICATED ANIMALS
The breeds o animal  that are reared  or human use are 

clearly  related  to  wild  species and  in  many  cases can  sti l l  

interbreed  with  them. These domesticated  breeds have been  

developed  rom wild  species,  by  selecting individuals with  

desirable  traits,  and  breeding rom them. This is known as 

selective breeding.  The striking dierences in  the heritable  

characteristics o domesticated  breeds give us evidence that 

species can  evolve rapidly  by  articial  selection.  The gure 

(right)  shows a  domesticated  pig and  its ancestor the wild  

boar rom Darwins Animals and Plants Under Domestication .

THE FOSSIL RECORD
Research  in to  ossi l s  has  given  us  strong 

evidence  or evolu tion .  Fossi l s  have  been  

d iscovered  o many  types  o organ ism  that no  

l onger exist,  includ ing tri l ob i tes  and  d inosaurs,  

and  in  most cases  no  ossi l s  can  be  ound  

o organ isms that  do  exist  today ,  suggesting 

that organ isms change  over time.  Rocks  can  

be  dated ,  a l l owing the  age  o ossi l s  wi th in  

the  rocks  to  be  deduced  and  the  times when 

those  organ isms l ived  on  Earth .  The  sequence 

in  wh ich  organ isms appear in  the  ossi l  record  

matches  thei r complexi ty ,  wi th  bacteria  and  

simple  a lgae  appearing i rst,  ungi  and  worms 

l a ter and  l and  vertebrates  l a ter sti l l .  Many  sequences  o ossi l s  a re  known,  wh ich  l ink together existing organ isms wi th  

thei r l ike ly  ancestors.  For example,  Acanthostega  ( above)  is  a  365-mi l l ion-year-o ld  ossi l  that has  sim i lari ties  to  other 

vertebrates,  bu t i t  has  e ight  ingers  and  seven  toes,  so  i t  i s  not identica l  to  any  existing organ ism.  Acanthostega  has  our 

l egs  l ike  most amphibians,  repti l es  and  mammals  bu t i t  a l so  had  gi l l s  and  a  ish- l ike  ta i l  and  i t  l ived  in  water.  Th is  shows 

that l and  vertebrates  cou ld  have  evolved  rom  ish  via  an  aquatic  an ima l  wi th  l egs.

Seven  toes

Fossil  of Acanthostega  

Eight  ngers

MELANISM   AN  EXAMPLE OF EVOLUTION
Dark varieties o typical ly  l ight coloured  insects are cal led  melanistic.  

The most amous example is Biston betularia  (the peppered  moth) .  

The melanistic variety  o this moth  was original ly  very  rare but in  areas 

where industry  developed  in  the 19th century  in  England  and  elsewhere 

it became much commoner,  with  the peppered  orm becoming much  

rarer.  This is a  change in  the heritable characteristics o the species so it 

is an  example o evolution. A simple explanation o industrial  melanism 

is this:

  Adult Biston betularia  moths fy  at night to  try  to  nd  a  mate  and  

reproduce.

  During the day  they  roost on  the branches o trees.

  In  unpolluted  areas tree branches are covered in  pale-coloured  

l ichens, so peppered moths are well  camoufaged against them. 

  Sulphur dioxide pol lution  kil ls l ichens on  tree branches and  soot 

rom coal  burning blackens them. 

  Melanic moths are wel l  camoufaged  against dark tree branches.  

  Birds and  other animals that hunt in  dayl ight predate  moths i they  

nd  them. 

  In  areas that became industrial  the peppered  variety  were mostly  

ound  and  eaten  and  a  higher proportion  o the melanic variety  

survived  to  breed  and  pass on  the dark wing colour,  causing Biston  

betularia populations to  evolve rom being peppered  to  melanic.  
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THE DISCOVERY OF NATURAL SELECTION
There has been much discussion about which biologist was 

the rst to realize that species evolve by  natural  selection.  

Charles Darwin is usually  given credit,  because he developed  

the theory  and  was the rst to publish a  detailed  account o it.

Darwin  d id  more than  20  years o research  and,  during 

this time,  he amassed  a  wide range o evidence or natural  

selection.  He delayed  publ ication  o his ideas or many  

years,  earing a  hostile  reaction,  and  might never have 

publ ished  them i another biologist,  Alred  Wal lace,  had  not 

written  a  letter to  him in  1858 suggesting very  similar ideas.  

Darwin  then  quickly  wrote  his pioneering work The Origin  of 

Species  and  it was publ ished  in  1859.  This book changed  or 

ever the way  that biologists think about the l iving world  and  

the place o humans in  it.

SOURCES OF VARIATION  
Natural  selection  can  only  occur i there is variation  among 

members o a  species.  There are three sources o variation:

1 .  Mutation  is  the original  source o variation.  New al leles 

are  produced  by  gene mutation,  which  enlarges the gene 

pool  o a  population.

2.  Meiosis  produces new combinations o al leles by  

breaking up existing combinations in  a  d iploid  cel l .  Every  

cel l  produced  by  meiosis in  an  individual  is l ikely  to  carry  

a  d ierent combination  o al leles,  because o crossing-

over and  the independent orientation  o bivalents.  

3 .  Sexual  reproduction  involves the usion o male and  

emale gametes. The gametes usually  come rom dierent 

parents, so the ospring has a  combination o al leles rom 

two individuals. This contributes to variation in  a  species.  

Natural  selection

HERITABILITY AND EVOLUTION
Living organisms acquire characteristics during their l ietimes,  

but such characteristics are not heritable  so they  are lost 

when the individual  d ies.  Because acquired  characteristics are 

not inherited  by  ospring they  cannot increase in  a  species by  

natural  selection.  The arms o tennis players are an  example  

o this.  The muscles and  bones o the dominant arms o tennis 

players increase in  size  as a  result o being used  intensively.  

Right-handed  tennis players develop larger muscles and  

bones in  their right arm than  in  their let arm, but because the 

genes that infuence the size o the  muscles and  bones have 

not been  altered,  the let and  right arms o the child  o a  right-

handed  tennis player are equal  in  size.

EXPLAINING NATURAL SELECTION
The theory  o evolution by  natural  selection can  be explained  in  

a  series o observations and  deductions:

1.  Species tend  to  produce more ospring than  the 

environment can  support.

2.  There is a  struggle  or existence in  which  some individuals 

survive and  some die.  

3 .  In  natural  populations there is variation  between the 

individuals.  

4.  Some individuals are better adapted  than  others.  An  

adaptation  is a  characteristic that makes an  individual  

suited  to  its environment and  way  o l ie.

5.  Individuals that are better adapted  tend  to  survive 

and  produce more ospring,  while  less wel l  adapted  

individuals tend  to  die  or produce ewer ospring so each  

generation  contains more ospring o better adapted  than  

less wel l  adapted  individuals.

6.  Individuals that reproduce pass on  characteristics to  their 

ospring.

7.  The requency  o characteristics that make individuals 

better adapted  increases and  the requencies o other 

characteristics decrease,  so  species change and  become 

better adapted.  Darwin  aged  51,  when he  publ ished  The Origin  of Species
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Natural  selection  in  action

BEAKS OF FINCHES ON  DAPHNE MAJOR
Daphne Major is a  smal l  island  in  the Galpagos archipelago.  

On  this island  there is a  population  o Geospiza fortis  (medium 

ground  nch) ,  which  eeds on  seeds with  a  wide range o 

sizes,  rom small  to  large.  The large seeds are  harder and  

thereore more dicult to  crack open.  There  is variation  in  the 

size  o beaks,  with  some individuals having larger beaks than  

others.  Beak size is a  heritable  characteristic.  Every  year rom 

1973  onwards G.  fortis  nches have been trapped  on  Daphne 

Major so  their beak sizes can  be measured.  Changes in  both  

the mean  length  and  width  o the  beaks have been observed.

The climate o the Galpagos archipelago is very variable  

because o an oscillation between warm ocean temperatures (El  

Nio) ,  which bring heavy rains, and cold  temperatures (La Nia) ,  

which bring droughts. During droughts there are ew small  sot 

seeds available, but larger hard  seeds are stil l  produced.  

From 1974 to 1977 La Nia conditions were experienced on  

Daphne Major,  ending with a  severe drought that resulted in  the 

G.  fortis population dropping rom 1,300 to 300. The mean beak 

size o the nches that died during the drought was signicantly  

smaller than the beak size o those that survived. This natural  

selection occurred because nches with large beaks are better 

adapted to eeding on large seeds. When the population started  

breeding again ater the drought, the mean beak size remained  

raised because ospring produced inherited the larger beak size 

o their survivor parents. In  1983 there was a  strong El  Nio event 

with heavy rain and abundant supplies o small  sot seeds. In  the 

years that ollowed mean beak size dropped, as small  beak sizes 

are better adapted to eeding on small  seeds.

(b)   G.  fortis  (small beak)

(a)   G.  fortis (large  beak)
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ANTIBIOTIC RESISTANCE IN  BACTERIA
Antibiotics are  used  to  control  d iseases caused  by  bacteria  in  

humans.  There have been increasing problems with  disease-causing 

(pathogenic)  bacteria  being resistant to  antibiotics.  The graph  (right)  

shows the percentage o pathogenic E.  coli  bacteria  that were resistant 

to  the antibiotic ciprofoxacin  between 1990 and  2004. The trend  with  

many  other diseases has been similar.  

The theory  o evolution  by  natural  selection  can  explain  the 

development o antibiotic resistance in  bacteria.  

  Genes that give resistance to  an  antibiotic occur in  the 

microorganisms that natural ly  make that antibiotic.

  These antibiotic resistance genes can  be transerred  to a  bacterium 

by  means o a  plasmid  or in  some other way.  There is then  variation  

in  this type o bacterium  some o them are resistant to  the 

antibiotic and  some are not.

  I  doctors or vets use the antibiotic to  control  bacteria  it wil l  ki l l  

bacteria  that are susceptible  to  the antibiotic,  but not those that are 

resistant.  This is an  example o natural  selection,  even  though  it is 

caused  by  humans using antibiotics.  

  The  antibiotic-resistant bacteria  reproduce  and  pass  on  the 

resistance  gene  to  their ospring.  These  bacteria  spread  rom 

person  to  person  by  cross-inection .  

  The more an  antibiotic is used,  the more bacteria  resistant to  it 

there  wil l  be  and  the ewer that are  non-resistant.  As a  result o 

excessive use o an  antibiotic,  most o the bacteria  may  eventual ly  

be resistant.
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The two plates (above)  were inoculated  with  

dierent bacteria.  Each  disc contains a  d ierent 

antibiotic.  The bacterium on  the let plate was ki l led  

by  al l  the antibiotics but the one on  the right plate  

was resistant to  our o the antibiotics.
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Naming and identiying

NAMING SPECIES
When species are discovered  they  are given  scientic names 

using the binomial  system .  This system is universal  among 

biologists and  has been agreed  and  developed  at a  series 

o international  congresses.  I t avoids the conusion  that 

would  result rom using the many  dierent local  names that 

can  exist or a  species.  The binomial  system is a  very  good  

example o cooperation  and  col laboration  between groups o 

scientists.  The binomial  system has these eatures:

  The rst name is the genus name. A genus is a  group o 

closely  related  species.

  The genus name is given  an  upper case rst letter.

  The second  name is the species name.

  The species name is given  a  lower case rst letter.

  I tal ics are used  when a  binomial  appears in  a  printed  or 

typed  document.

Examples o binomials:

Homo sapiens    humans

Scrophularia landroveri    a  plant d iscovered  by  an  

expedition  that travel led  in  a  Land  Rover.  

USING A DICHOTOMOUS KEY
Many  aquatic plants in  aquariums in  biology  laboratories 

belong to  one o these our genera:

  Cabomba

  Elodea

  Ceratophyllum

  Myriophyllum

All  o these plants have cyl indrical  stems with  whorls o 

leaves.  The shape o our leaves is shown in  the gure 

(below) .  A key  can  be used  to  identiy  which  o the  our 

genera  a  plant belongs to,  i it is  known to  be in  one o them.

1.  Simple undivided  leaves  . . .. ..... ..... ..... ..... ..... ..... ..... ..... .  Elodea

Leaves orked  or d ivided  into  segments  . . ..... ..... ..... ..... ..... .  2

2.  Leaves orked  once or twice to  orm two or three 

segments  . . . ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... .  Ceratophyllum

Leaves divided  into  more than  our segments  . . ..... ..... .....  3

3.  Leaves divided  up into  many  fattened  segments  

  Cabomba

Leaves divided  into  many  lamentous segments  

 Myriophyllum

Leaves of aquarium plants

IDENTIFYING SPECIES
The rst stage in  many  ecological  investigations is to  nd  out 

what species o organism there  are  in  the area  being studied.  

This is cal led  species identifcation .  This is done using 

dichotomous keys,  which  have these eatures:  

  The key  consists o a  series o numbered  stages.

  Each stage consists o a  pair o alternative characteristics.

  Some alternatives give  the  next numbered  stage o the 

key  to  go to.

  Eventually  the identication o the species wil l  be reached.

An  example o a  d ichotomous key  or identiying aquarium 

pondweeds is shown below let.

CONSTRUCTING A DICHOTOMOUS KEY
The ve animals shown below are ound  in  beehives.  I t 

would  be useul  to  construct a  d ichotomous key  to  al low 

a  beekeeper to  identiy  them,  as some o them are very  

harmul  and  others are  harmless to  honey  bees.  

The most useul  keys use characteristics that are easy  to  

observe and  are rel iable,  because they  are present in  every  

member o the  species.  

Galleria mellonella  is  a  species o moth  and  has three pairs 

o legs.

Galleria mellonella

Acarus siro

Varroa jacobsoniiAcarapis woodi

Braula coeca
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Classifcation  o biodiversity

NATURAL CLASSIFICATION
Classifcation  in  biology is the process o putting species 

o l iving organisms into groups. I t is an essential  process 

because there are so many species and without a  

classication system it would  be very  hard  to store and  

access inormation about them. The biologists that specialize 

in  classication are taxonomists.

There are many possible ways o classiying organisms. For 

example, animals could  be classied  into two groups: those 

that have wings and those that do not. This would  be an  

artifcial  classifcation  because animals with wings (insects,  

birds and bats)  are not similar in  enough other ways to be  

grouped together. Even their wings are dierent in  structure 

because they are not homologous and evolved separately.  

Biologists try  to  devise a  natural  classifcation ,  in  which  the 

species in  a  group have evolved  rom one common ancestral  

species.  The species in  the group thereore share  many  

characteristics that they  have inherited  rom the ancestral  

species.  

Natural  classications thereore al low the prediction o 

characteristics  shared by  species within a  group. They also 

help in  identifcation o species.  

I t is not always obvious what the pattern o evolution was in a  

group o species and thereore what the natural  classication o 

them is. Taxonomists sometimes reclassiy groups o species 

when new evidence shows that a  previous taxon contains 

species that have evolved rom dierent ancestral  species.  

For example, a  system o classication o l iving organisms into  

fve kingdoms  was developed in the second hal o the 20th  

century. Biologists mostly  accepted it.  In  this classication, all  

prokaryotes were placed in  one kingdom and eukaryotes in  

our kingdoms. However, when the base sequence o nucleic 

acids was compared, two very dierent groups o prokaryotes 

were identied. These groups are as dierent rom each other 

as rom eukaryotes. A higher grade o taxonomic group was 

needed to refect this,  now called a  domain .

THREE DOMAINS
Currently  al l  organisms are  classied  into  three domains.  

  Archaea  (reerred  to  as archaeans)

  Eubacteria  (reerred  to  as bacteria)

  Eukaryota  (reerred  to  as eukaryotes)

The original  evidence or this came rom base sequences o 

ribosomal  RNA,  which  is ound  in  al l  organisms and  evolves 

slowly,  so  it is suitable  or studying the earl iest evolutionary  

events.  

The tree diagram below represents the l ikely  evolution  o 

a  sample o species,  based  on  ribosomal  RNA sequences.  

I t suggests that prokaryotes diverged  into  Eubacteria  and  

Archaea  early  in  the evolution  o l ie,  so  it is  not appropriate 

to  classiy  them together in  one kingdom. 

Eubacteria  such  as    .  coli

and  photosynthetic

cyanobacteria  

Archaea:  including

thermophiles and

halophi les 

Eukaryotes:  including

animals,  plants and

fungi

Note that viruses are not classied  into  any  o the domains 

or into  a  domain  o their own,  as they  are  not considered  by  

biologists to  be l iving organisms.

CLASSIFICATION  FROM  SPECIES TO  DOMAIN
A group o organisms, such as a  species or a  genus, is called  a  taxon .  Species are classied into a  series o taxa, each o which  

includes a  wider range o species than the previous one. This is called  the hierarchy o taxa .

 Animal  example Plant example

 Balaenoptera musculus  Sequoiadendron giganteum

  the blue whale (let)   the giant redwood (right)

Species that are similar are grouped into a  genus  Genus Balaenoptera  Genus Sequoia  

Genera that are similar are grouped into a  amily  Family  Balaenopteridae  Family  Cupressaceae

Famil ies that are similar are grouped into an order  Order Cetacea  Order Pinales

Orders that are similar are grouped into a  class  Class Mammalia  Class Pinopsida

Classes that are similar are grouped into a  phylum  Phylum Chordata  Phylum Coniferophyta

Phyla  that are similar are grouped into a  kingdom  Kingdom Animalia  Kingdom Plantae

Kingdoms that are similar are grouped into a  domain  Domain Eukaryota   Domain Eukaryota

Balaenoptera musculus

Sequoiadendron

giganteum
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Classifcation  o eukaryotes

RECOGNITION  FEATURES OF VERTEBRATES 
Almost al l  chordates have a  backbone 

consisting o vertebrae.  Apart rom sh,  

a l l  these vertebrates are tetrapods with  

pentadactyl  l imbs,  though  in  some 

species the l imbs have become modied  

or lost through evolution.  Recognition  

eatures o the ve major classes o 

vertebrate are shown here:

Amphibians

  Sot moist permeable skin

  Lungs with  smal l  internal  olds

  External  erti l ization  in  water

  Protective gel  around  eggs

  Larval  stage l ives in  water

Birds

  Feathers growing rom skin

  Lungs with  parabronchial  tubes

  Wings instead  o ront legs

  Hard  shel ls around  the  eggs

  Beak but no  teeth

Bony ray-fnned fsh

  Scales grow rom the skin

  Gil ls with  a  single  gi l l  sl it

  Fins supported  by  rays

  Swim bladder or buoyancy

  External  erti l ization

Reptiles

  Dry  scaly  impermeable skin

  Lungs with  extensive olding

  Internal  erti l ization

  Sot shel ls around  eggs

  One type o teeth

Mammals 

  Hairs growing rom the skin

  Lungs with  alveol i

  Give birth  to  l ive young

  Mammary  glands secrete milk

  Teeth  o d ierent types

RECOGNITION  FEATURES OF ANIMALS
There are over 30 phyla  

o animals. Recognition  

eatures o seven large 

phyla  are shown here:

Poriera

  no clear symmetry

  attached  to  a  surace

  pores through  body

  no mouth  or anus

Cnidaria

  radial ly  symmetric

  tentacles

  stinging cel ls

  mouth  but no  anus

Platyhelminths

  bilateral ly  symmetric

  fat bodies

  unsegmented

  mouth  but no  anus

Annelida

  bilateral ly  symmetric

  bristles oten  present

  segmented

  mouth  and  anus

Arthropoda

  bilaterally  symmetric

  exoskeleton

  segmented

  jointed  appendages

Mollusca

  muscular oot 

and  mantle

  shel l  usual ly  

present

  segmentation  

not visible

  mouth  and  anus

Chordata

  notochord

  dorsal  nerve cord

  pharyngeal  gi l l  

sl its

  post-anal  tai l

RECOGNITION  FEATURES OF PLANTS
There are our main  phyla  o plants,  which  can  be easi ly  distinguished  by  studying their external  structure.

Roots,  stems and leaves Reproductive structures

Bryophytes 

(mosses)

Structures similar to root hairs called  rhizoids but 

no roots.  Mosses have simple leaves and  stems;  

l iverworts have a  fattened thallus. No vascular tissue.

Spores are produced  in  a  capsule.  The 

capsule develops at the end  o a  stalk.

Fil icinophytes 

(erns)

Roots,  leaves and short non-woody stems. Leaves 

curled  up in  bud  and  oten divided  into pairs o 

leafets (pinnate) .  Vascular tissue is present.

Spores are produced  in  sporangia,  usual ly   

on  the  underside o the leaves.

Conierophytes 

(coniers)

Shrubs or trees with  roots,  leaves and  woody  stems. 

Leaves oten  narrow with  a  thick waxy  cuticle.  

Vascular tissue is present.

Seeds,  which  develop rom ovules on  the 

surace o the scales o emale  cones.  Male  

cones produce pol len.

Angiospermophytes 

(fowering plants)

Very  variable,  but usual ly  have roots,  leaves and  

stems.  Stems o shrubs and  trees are woody.  

Vascular tissue is present.

Seeds,  which  develop rom ovules inside 

ovaries in  fowers.  Fruits develop rom the 

ovaries,  to  d isperse the seeds.
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Cladistics

CLADES
A clade  is a  group o organisms that evolved rom a common 

ancestor. Clades can be large groups, with a common ancestor 

ar back in evolution, or smaller groups with a more recent 

common ancestor. Evidence or which species are part o a  clade 

can be obtained by looking at any characteristics, but anatomical  

eatures are now rarely used because it is sometimes hard to  

distinguish between homologous traits that were derived rom 

a common ancestor and analogous characteristics that have 

developed by convergent evolution. Instead the base sequences 

o a  gene are used, or the corresponding amino acid sequence 

o a  protein. Sequence dierences accumulate gradually, so  

there is a  positive correlation between the number o dierences 

between two species and the time since they diverged rom a  

common ancestor.

ANALYSIS OF CLADOGRAMS TO  DEDUCE EVOLUTIONARY RELATIONSHIPS
Cladograms can be analysed to nd out how closely organisms are related to each other. They can also indicate the probable sequence 

in which groups split. The cladogram (below)  was constructed using the number o dierences in the amino acid sequence o 

hemoglobin. The scale above the cladogram shows the percentage dierence in amino acid  sequence and this has been used to add an  

estimated time scale below.

Coelacanth
Lungsh

percentage d ierence in  hemoglobin  chain

Shark

Crocodi le
Starl ing
Ostrich
Platypus
Elephant
Human
time scale  (mil l ions of years)

60 50 40 30 20 10 0

04080140200290400

Goldsh

CLADOGRAMS
Cladograms  are tree diagrams that show the most probable 

sequence o divergence in clades. The term clade is derived  

rom the Greek word klados   a  branch. On cladograms there are 

branching points (nodes)  that show groups o organisms which  

are related, and thereore presumably had common ancestry.  

Towards the end  o the  20th  century,  both  the  amount o 

base and  amino acid  sequence data  and  the analytical  

power o computers grew exponential ly.  Cladograms could  

thereore  be produced  showing the probable evolutionary  

relationships o large groups o species.  These cladograms 

have been used  to  re-evaluate the classication  o many  

groups o organisms.  The procedures used  are very  dierent 

rom those previously  used,  so  a  new name has been  given  

to  this method  o classication   cladistics .

CLADISTICS AND HUMAN CLASSIFICATION
Classiying humans is particularly  difcult because the 

dierences between humans and  other species seem so 

huge to us. Cladistics can be used  to produce an  objective 

classication. For example,  mitochondrial  DNA rom three 

humans and our related  primates has been completely  

sequenced and  used  to construct a  cladogram (below) .  

Using the numbers o dierences in  base sequence as an  

evolutionary  clock, the approximate dates or spl its between 

groups are: 5  mil l ion  years ago, humanchimpanzees split;  

140,000 years ago, AricanEuropean/Japanese split;  70,000 

years ago, EuropeansJapanese split.

Phylogenetic tree for humans and closely related apes

European

       

Japanese

African

Common  chimpanzee

Pygmy chimpanzee

Gori l la

Orang-utan

RECLASSIFICATION  OF FIGWORTS
Evidence rom cladistics has shown that classications o 

some groups based  on  structure did  not correspond  with  

the evolutionary  origins o a  group or species.  The gwort 

amily  o plants (Scrophulariaceae)  is  a  good  example o 

this.  Cladograms showed  that species in  the amily  d id  not 

al l  share a  recent common ancestor.  Some genera  have 

thereore  been  moved  to  

the plantain  and  broomrape 

amil ies and  other genera  have 

been transerred  to  two newly  

created  amil ies  the l indernia  

and  calceolaria  amil ies.  Two 

existing amil ies,  the buddleja  

and  myoporum amil ies were 

ound  to  contain  species that 

shared  common ancestry  

with  the gwort amily  so  they  

were merged  with  it.  This is not 

the end  o research  into  the 

classication  o these plants 

and  just as the traditional  

classication  was alsied  

and  replaced  as a  result o cladistics,  evidence may  be 

discovered  that shows urther reclassication  is needed.

Scrophularia  neesii
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Questions  evolution and biodiversity

1.  Are the pairs o traits analogous or homologous?

Leg o ostrich  and  leg o 

orang-utan

Wing o hoverfy  and  wing 

o hummingbird  

A analogous analogous

B analogous homologous

C homologous analogous

D homologous homologous

2.  What is the cause o variation  in  animal  species?

A.  mutation  and  meiosis only

B.  mutation  and  sexual  reproduction  only

C.  meiosis and  sexual  reproduction  only

D.  mutation,  meiosis and  sexual  reproduction

3.  What is a  eature that conierophytes have but not 

l icinophytes?

A. fowers C.  seeds

B.  leaves D.  vascular tissue

4. What is most help or identiying species?

A. Cladograms C. Zoos and botanic gardens

B. Dichotomous keys D.  Natural  selection

5.  What causes increases in  numbers o melanistic insects in  

pol luted  areas?

A. Mutations caused  by  the pol lution

B.  Predators eating more non-melanistic insects

C.  Pol lution  bui lding up in  the bodies o insects

D.  Melanistic insects using pol lutants to  camoufage 

themselves to  prevent predator attacks

6.  Identiy  the  phylum in  which  each  o the animals below  

is  classied.  

a)   d)  

b)   e)   

c)   )  

7 .  In  the current system o classication,  a l l  l iving organisms 

are placed  in  one o three major groups.  

a)  ( i)   State the name o this type o group in  

classication.  [1]

(i i)  Eukaryotes are one o the major groups.  State  

the names o the other two.  [2]

b)  Explain  the reasons or viruses not being placed  in   

any  o the  three major groups.  [2]

c)  State the seven levels in  the hierarchy  o taxa  used   

to  classiy  eukaryotes.  [7]

d)  Some structures have evolved  dierently  in  related  

organisms and  are now used  or d ierent unctions.  

State  the  name used  or this type o evolution.  [1]

e)  Outl ine  evidence or d ierences between  organisms  

in  the past and  those al ive today.  [2]  

8. The graph below shows the percentage o three inections that 

were resistant to fuoroquinolone in hospitals in Spain. During 

this period the percentage o patients treated with the antibiotic 

increased steadily rom 5.8 to 10.2.
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a)  Compare and  contrast the  trends in  fuoroquinolone 

resistance in  the three types o bacteria.  [3]

b)  Suggest two ways in  which  resistance to  an  antibiotic  

can  appear in  a  type o bacterium.  [2]

c)  Explain  the  mechanism that causes the percentage o 

inections that are resistant to  an  antibiotic to  rise.  [3]

d)  Predict the consequences o a  continued  rise in  the  

percentage o patients treated  with  fuoroquinolone.  [2]  

9 .  The gure below shows the base sequence o part o a  

hemoglobin  gene in  our species o mammal.  

Human TGACAAGAACA-GTTAGAG-TGTCCGA 

Orang-utan  TCACGAGAACA-GTTAGAG-TGTCCGA 

Lemur TAACGATAACAGGATAGAG-TATCTGA 

Rabbit TGGTGATAACAAGACAGAGATATCCGA

a)  Determine the number o d ierences between  the  base 

sequences o:  

( i)  humans and  orang-utans

(ii)  humans and  lemurs

(ii i)  humans and  rabbits

(iv)  orang-utans and  lemurs

(v)  orang-utans and  rabbits

(vi)  lemurs and  rabbits.  [6]

b)  Using the dierences in  base sequence between the 

our mammal  species,  construct a  cladogram. [4]

c)  Deduce the evolutionary  relationships o these our 

species rom your cladogram. [2]



72 H U M AN  PH YS I O LO G Y

6 H U M AN  P H YS I O LO G Y

Digestion

THE HUMAN  DIGESTIVE SYSTEM

mouth

( ingestion  and

chewing)  

esophagus

(swal lowing)

gal l  bladder

(stores bi le)

l iver

(secretes bi le)

stomach (kil l ing pathogens

in  food and protein  digestion)   

pancreas ( secretes

digestive enzymes)

smal l  intestine

(digestion  and

absorption)

large intestine

(absorption  of water)
anus

(egestion  of feces)

DIGESTION  IN  THE SMALL INTESTINE
Waves o muscle contraction,  cal led  peristalsis,  pass along 

the intestine.  Contraction  o circular muscle  behind  the ood  

constricts the gut to  prevent ood  rom being pushed  back 

towards the mouth.  

Contraction  o longitudinal  muscle where the ood  is located  

moves it on  along the gut.  Contraction  o both  layers o 

muscle mixes ood  with  enzymes in  the smal l  intestine.

Enzymes d igest most macromolecules in  ood  into  

monomers in  the smal l  intestine.  These macromolecules 

include proteins,  starch,  glycogen,  l ipids and  nucleic acids.  

Cel lulose remains undigested.  The pancreas secretes three 

types o enzyme into the lumen o the smal l  intestine:  

 l ipase
l ipids (ats and  oi ls)   atty  acids +  glycerol

 endopeptidase
polypeptides  shorter peptides

  amylase
starch   maltose

The details o starch  digestion  in  the smal l  intestine are 

explained  (right) .  

STRUCTURE OF THE SMALL INTESTINE
The micrograph below shows part o the wal l  o the smal l  

intestine.  The diagram below it a l lows the tissue layers in  the 

micrograph to  be identied.  

circular muscle  layer 

vi l l i

longitudinal  muscle  layer 

submucosa

mucosa

DIGESTION  OF STARCH
There are two types o molecule in  starch:  amylose  and  

amylopectin .  They  are both  polymers o -glucose l inked  

by  1 ,4 bonds but in  amylose the chains are  unbranched  

and  in  amylopectin  there are some 1 ,6  bonds that make the 

molecule branched.

Amylase breaks 1 ,4 bonds in  chains o our or more glucose 

monomers,  so  it can  digest amylose into  maltose but not 

glucose.  Because o the specicity  o i ts active site,  amylase 

cannot break the 1 ,6  bonds in  amylopectin.  Fragments o the 

amylopectin  molecule containing a  1 ,6 bond  that amylase 

cannot digest are cal led  dextrins.  

Digestion  o starch  is completed  by  enzymes in  the 

membranes o microvil l i  on  vi l lus epithel ium cel ls:  maltase  

and  dextrinase  d igest maltose and  dextrins into  glucose.  

Also in  the membranes o the  microvil l i  are  protein  pumps 

that cause the  absorption  o the glucose produced  by  

digesting starch.  

Blood  carrying glucose and  other products o d igestion  fows 

though vil lus capil laries to  venules in  the submucosa  o 

the wal l  o the smal l  intestine.  The blood  in  these venules is 

carried  via  the hepatic portal  vein  to  the  l iver,  where excess 

glucose can  be  absorbed  by  l iver cel ls and  converted  to  

glycogen  or storage.
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INTESTINAL VILLI
The process o taking substances 

into cells and the blood is called  

absorption .  In  the human digestive 

system nutrients are absorbed by the 

epithelium, which is the single layer 

o cells orming the inner l ining o the 

mucosa. The rate o absorption depends 

on the surace area o this epithelium.

Absorption occurs principally  in  the 

small  intestine. The small  intestine in  

adults is about seven metres long and  

2530 mil l imetres wide and there are 

olds on its inner surace, giving a  large 

surace area o epithelium. 

The area  o epithel ium is urther 

increased  by  the presence o 

villi ,  which  are smal l  nger-l ike 

projections o the  mucosa  on  the 

inside o the intestine wal l .  A vi l lus 

is between 0.5  and  1 .5  mm long 

and  there can  be as many  as 40  o 

them per square  mil l imetre o smal l  

intestine wal l .  They  increase the 

surace area  by  a  actor o about ten.

The vil l i  absorb mineral  ions and  

vitamins and also monomers ormed by  

digestion such as glucose.

lacteal

(a  branch

of the

lymphatic

system)

epithel ium

Structure of a  vil lus

blood

capil lary
goblet

cel ls

(secrete

mucus)

layer of

microvi l l i

on  surface

of epithel ium

METHODS OF ABSORPTION
Diferent methods o membrane transport are used  in  epithel ium cel ls to  absorb 

diferent nutrients:

  Simple difusion ,  in  which  nutrients pass down the concentration  gradient 

between phosphol ipids in  the membrane.

Example  hydrophobic nutrients such as fatty acids and monoglycerides.  

  Facilitated  difusion ,  in  which  nutrients pass down the concentration  gradient 

through  specic channel  proteins in  the membrane.

Example  hydrophilic nutrients such as fructose.

  Active transport,  in  which  nutrients are pumped  through  the  membrane against 

the concentration  gradient by  specic pump proteins.

Example  mineral ions such as sodium,  calcium and iron.

  Endocytosis  (pinocytosis) ,  in  which  smal l  droplets o the  uid  are passed  

through  the  membrane by  means o vesicles.

Example  triglycerides and cholesterol in  lipoprotein  particles.

There are some more complex methods o transport.  For example, glucose is 

absorbed by  sodium co-transporter proteins which move a  molecule o glucose 

together with  a  sodium ion across the membrane together into the epithelium cells.  

The glucose can be moved against its concentration gradient because the sodium 

ion is moving down its concentration gradient. The sodium gradient is generated  by  

active transport o sodium out o the epithelium cel l  by  a  pump protein.  

USING MODELS IN  SCIENCE
A model  in  science is a  theoretical  representation o the real  world. Models sometimes consist o mathematical  equations but in  

biology  they oten represent a  structure or process non-mathematical ly.  

When a  model  has been proposed predictions are made using it,  which are then tested. This is done with  experiments or with  

observations o the real  world. I predictions based on a  model  t experimental  data  or observations, the model  is trusted more. I 

the predictions are not as close as they could  be, the model  is modied.  

Sometimes evidence shows that a  model  or theory  is incorrect. This known as alsication. The model  or theory  must then be 

discarded and replaced.

Theoretical  models used to explain the structure o biological  membranes were described  in  Topic 1.  An example o physical  models 

is described above.

MODELLING ABSORPTION  WITH  DIALYSIS TUBING
Dialysis tubing can be used  

to model  absorption by  the 

epithelium o the intestine. The 

diagram shows one possible  

method. Cola  drink contains a  

mixture o substances which  

can be used to model  digested  

and  undigested oods in  the 

intestine. The water outside the 

bag is tested at intervals to see 

i substances in  the cola  have 

difused through the dialysis 

tubing.  

The expected result is that 

glucose and phosphoric acid,  

which have small-sized  particles,  

difuse through the tubing but 

caramel,  which consists o larger 

polymers o sugar, does not.  

Absorption

cola,  left  to

go at

before being

put  into

the tube

pure  water 

minimum

volume to

surround  

the  bag

base of bag

knotted  to

prevent  leaks

dia lysis

tubing

top of bag

sealed  with

cotton  thread

tube
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The cardiovascular system

HARVEY AND THE CIRCULATION  

OF BLOOD
Until  the  17th  century  the doctrines o Galen,  one o the 

ancient Greek philosophers,  about blood  were accepted  

with  l ittle  questioning by  doctors.  Galen  taught that blood  

is produced  by  the l iver,  pumped  out by  the  heart and  

consumed in  the other organs o the body.  

Wil l iam Harvey is usually  credited  with the discovery o the  

circulation o the blood. He had to overcome widespread  

opposition because Galens theories were so well  established.  

Harvey published his results and also toured Europe to  

demonstrate experiments that overturned previous theories 

and  provided evidence or his theory. As a  result,  his theory  

that there is a  circulation o blood  became generally  accepted.  

Harvey  demonstrated  that blood  fow through vessels is 

unidirectional  with  valves to  prevent backfow and  also  that 

the rate o fow through major vessels is ar too high  or blood  

to  be consumed in  the  body  ater being pumped  out by  the 

heart.  He showed  that the heart pumps blood  out in  the  

arteries and  that it returns in  veins.  

Wil l iam Harvey  predicted  the presence o numerous ne 

vessels,  too  smal l  to  be seen  with  contemporary  equipment,  

that l inked  arteries to  veins in  the tissues o the body.  

M icroscopes had  not been invented  by  the  time that he 

publ ished  his theory  about the circulation  o blood  in  1628.  

I t was not unti l  1660,  ater his death,  that blood  was seen 

fowing rom arteries to  veins though  capil laries,  as Harvey  

had  predicted.

STRUCTURE AND FUNCTION  OF BLOOD VESSELS
Blood vessels are tubes that carry blood. There are three  

main types.

  Arteries  convey  blood  pumped  out at high  pressure by  the  

ventricles o the  heart.  They  carry  the blood  to  tissues o 

the body.

  Capillaries  carry  blood  through  tissues.  They  have 

permeable wal ls that al low exchange o materials between 

the cel ls o the tissue and  the blood  in  the capil lary.  

  Veins  col lect blood  at low pressure rom the tissues o the 

body  and  return  it to  the atria  o the heart.

Thick wal l  

to  withstand  the

high  pressures

Narrow lumen  to

help maintain  the

high  pressures

 Tough  outer coat

Thick layer containing elastic

bres that  maintain  high  

pressure  between  pumping 

cycles and  muscle  that  

contracts or relaxes to  adjust  

the d iameter of the  lumen

Arteries

Wal l  consists of a

single  layer of thin

cel ls  so  the  d istance

for d iusion  in  or out

is  smal l

Very  narrow lumen  

only  about  10  m

across so  that

capi l laries t  into

smal l  spaces.  Many

smal l  capil laries have

a  larger surface area

than  fewer wider ones

would

Pores between  cel ls  in

the wal l  a l low some of

the plasma  to  leak out

and  form tissue uid.

Phagocytes can  a lso

squeeze out

Capillaries
Thin  wal l  a l lows the

vein  to  be  pressed

at  by  adjacent

muscles,  helping to

move the  blood

Thin  layers of tissue 

with  few or no  elastic

bres or muscle  as

blood  ow is

not  pulsati le

Wide lumen  is  needed  

to  accommodate the 

low pressure,  

slow owing blood.

Valves are  present  at  intervals

in  veins to  prevent  back-ow

Outer coat  is  thin  as

there  is  no  danger

of veins bursting

Veins

THE DOUBLE CIRCULATION
The circulation  that Harvey  discovered  in  humans is double:  

there are separate circulations or the lungs (pulmonary 

circulation)  and  or other organs o the body  (systemic 

circulation) .  

pulmonary

circulation

lungs

heart

systemic

circulation

other 
organs

oxygenated

deoxygenated

The heart is a  double pump with let and right sides. The right 

side pumps deoxygenated blood to the lungs via the pulmonary  

artery. Oxygenated blood returns to the let side o the heart in  

the pulmonary vein. The let side pumps this blood via the aorta  

to all  organs o the body apart rom the lungs. Deoxygenated  

blood is carried back the right side o the heart in the vena cava.
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The heart

THE CARDIAC CYCLE
The beating o the heart consists o a  cycle o actions:

1.  The wal ls o the atria  contract,  pushing blood  rom the 

atria  into  the ventricles through the atrio-ventricular 

valves,  which  are open.  The semilunar valves are closed,  

so  the ventricles l l  with  blood.

2. The walls o the ventricles contract powerully and the blood  

pressure rapidly rises inside them. This rst causes the 

atrio-ventricular valves to close, preventing back-ow to the  

atria and then causes the semilunar valves to open, allowing 

blood to be pumped out into the arteries. At the same time 

the atria start to rell  by collecting blood rom the veins.

3.  The ventricles stop contracting so pressure al ls 

inside them. The semilunar valves close,  preventing 

back-ow rom the arteries to  the ventricles.  When  the  

ventricular pressure drops below the atrial  pressure,  the 

atrio-ventricular valves open.  Blood  entering the atrium 

rom the veins then  ows on  to  start l l ing the ventricles.  

The next cardiac cycle  begins when the wal ls o the  atria  

contract again.

CONTROL OF HEART RATE
One region  o special ized  cardiac muscle cel ls in  the  wal l  

o the right atrium acts as the  pacemaker o the heart by  

initiating each  contraction.  This region  is cal led  the sinoatrial  

(SA)  node.  The SA node sends out an  electrical  signal  that 

stimulates contraction  as it is  propagated  rst through the 

wal ls o the atria  and  then  through the wal ls o the  ventricles.  

Messages can  be  carried  to  the SA node by  nerves and  

hormones.  

  Impulses brought rom the medul la  o the brain  by  two 

nerves can  cause the SA node to  change the heart rate.  

One nerve speeds up the rate  and  the other slows it down.

  The hormone epinephrine increases the  heart rate to  help 

to  prepare the body  or vigorous physical  activity.  

CORONARY ARTERY DISEASE
Coronary  artery  disease is caused  by  atty  plaque build ing 

up in  the inner l ining o coronary  arteries,  which  become 

occluded  (narrowed) .  As this becomes more severe blood  

ow to  cardiac muscle is restricted,  causing chest pain.  

M inerals oten  become deposited  in  the plaque making it 

hard  and  rough.  Various actors have been shown by  surveys 

to  be associated  with  coronary  artery  d isease and  are l ikely  

causes o i t:

  high  blood  cholesterol  levels 

  smoking 

  high  blood  pressure (hypertension)  

  high  blood  sugar levels,  usual ly  due to  diabetes

  genetic actors (thus a  amily  history  o the disease) .  

PRESSURES IN  THE CARDIAC CYCLE
The graph below shows pressure changes in  the let  

atrium, the let ventricle  and  the aorta  during the  

cardiac cycle.  
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The numbered  brackets indicate the three phases o  

the cardiac cycle  described  ( let) .  

CARDIAC MUSCLE
The wal ls o the heart are made o cardiac 

muscle,  which  has a  special  property   it 

can  contract on  its own without being 

stimulated  by  a  nerve (myogenic 

contraction) .  

There are many  capil laries in  the muscular 

wal l  o the heart.  The blood  running 

through  these capil laries is suppl ied  by  

the coronary  arteries,  which  branch of the 

aorta,  close to  the semilunar valve.  The 

blood  brought by  the coronary  arteries 

brings nutrients.  I t a lso brings oxygen  or 

aerobic cel l  respiration,  which  provides 

energy  or cardiac muscle contraction.  

Valves in  the heart ensure circulation  o 

blood  by  preventing back-ow. The atria  

are col lecting chambers and  the ventricles 

are pumping chambers.

STRUCTURE OF THE HEART

aorta pulmonary  arteries

left  atrium

pulmonary

veins

atrio-ventricular

valve

left  ventricle

right  ventricle

atrio-ventricular valve

vena  cava

( inferior)

semilunar

valves

right

atrium

vena  cava

(superior)
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Deence against inectious disease

BARRIERS TO  INFECTION
A pathogen  is an  organism or virus that causes disease. The 

skin and  mucous membranes are the primary  deence against 

pathogens, by  orming a  barrier preventing entry.

  The outer layers o the skin  are tough  and  orm a  physical  

barrier.  Sebaceous glands in  the  skin  secrete lactic acid  

and  atty  acids,  which  make the  surace o the skin  acidic.  

This prevents the  growth  o most pathogenic bacteria.

  Mucous membranes are sot areas o skin that are kept 

moist with mucus. Mucous membranes are ound in the 

nose, trachea, vagina and urethra. Although they do not 

orm a strong physical  barrier, many bacteria are killed  

by lysozyme, an enzyme in the mucus. In the trachea  

pathogens tend to get caught in  the sticky mucus; cilia then  

push the mucus and bacteria up and out o the trachea.

Despite these barriers, pathogens sometimes enter the body  

so other deences are needed. Two types o white blood cell  

ght inections in  the body: phagocytes  and  lymphocytes.  

BLOOD CLOTTING
When the skin is cut and blood escapes rom blood vessels, a semi-solid blood clot is ormed rom liquid blood to seal up the cut and prevent 

entry o pathogens. Platelets have an important role in clotting. Platelets are small  cell  ragments that circulate with red and white blood cells 

in blood plasma. The clotting process begins with the release o clotting actors either rom damaged tissue cells or rom platelets. These 

clotting actors set of a cascade o reactions in which the product o each reaction is the catalyst o the next reaction.

This system helps to ensure that clotting only happens when it is needed and also makes it a very rapid process. In the last reaction  

brinogen, a soluble plasma protein, is altered by the removal o sections o peptide that have many negative charges. This allows the  

remaining polypeptide to bind to others, orming long protein bres called brin. Fibrin orms a mesh o bres across wounds. Blood cells 

are caught in the mesh and soon orm a semi-solid clot. I exposed to air the clot dries to orm a protective scab, which remains until  the  

wound has healed.

Reactions in itiated  by

clotting factors released

by  platelets or damaged

tissue cel ls prothrombin

activator

prothrombin

( inactive)

thrombin

(active)

(soluble)

brinogen brin

( insoluble)

BLOOD CLOTS IN  CORONARY ARTERIES
I the deposits o plaque in coronary arteries 

rupture, blood clots orm (coronary thrombosis) ,  

which may completely block the artery. The 

consequence o this is that an area o cardiac 

muscle receives no oxygen and so stops beating 

in a  coordinated way. This is oten called a heart 

attack.  Uncoordinated contraction o cardiac 

muscle is fbrillation.  Sometimes the heart 

recovers and starts beating again, but severe heart 

attacks can be atal  as contractions o the heart 

stop completely.

PHAGOCYTES
Phagocytes ingest pathogens by  endocytosis. The pathogens 

are then kil led  and digested  inside the cel l  by  enzymes 

rom lysosomes. Phagocytes can ingest pathogens in  the 

blood. They can also squeeze out through the walls o blood  

capil laries and move through tissues to sites o inection.  

They then ingest the pathogens causing the inection. Large 

numbers o phagocytes at a  site o inection orm pus.  

Phagocytes give us what is called  non-specifc immunity  to  

diseases, because a  phagocyte does not distinguish between 

pathogens  it ingests any  pathogen i stimulated to do so.

ingested  pathogens

phagocytic 

white

blood  cel l  

pathogens

narrowed

lumen

blood  clotthickened  l in ing

of artery

layer of

elastic and

muscle

bres

smooth

inner l in ing of

endothel ium

cel ls

outer layer

of artery

outer layer

of artery

unobstructed

lumen

layer of muscle

and  elastic bres
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Antibodies and antibiotics

PRODUCTION  OF ANTIBODIES
2    A lymphocyte can  only  make one type

of antibody  so  a  huge number of d ierent

lymphocyte  types is  needed.  Each

lymphocyte  puts some of the antibody  that

it  can  make into  its  cel l  surface membrane

with  the  antigen-combining site  projecting

outwards.

mitosis

active

lymphocyte

inactive

lymphocyte

1    Antibodies are  made

by  lymphocytes,  one of

the two main  types of

white  blood  cel l .  Antigens

are  foreign  substances

that  stimulate the

production  of antibodies.

4   When  antigens

bind  to  the antibodies

on  the  surface of a

lymphocyte,  this

lymphocyte  become

active  and  d ivides by

mitosis  to  produce

a  clone of many

identical  cel ls.

3    When  a  pathogen

enters the  body,  i ts

antigens bind  to  the

antibodies in  the cel l

surface membrane of

one type of lymphocyte.

phagocyte

lymphocyte

5    The  cel ls  produced  by  mitosis  are  plasma  cel ls.

They  produce large quantities of the  same antibody.

The antibody  binds to  the antigens on  the  surface of

the pathogen  and  stimulates its  destruction.  Production

of antibodies by  lymphocytes is  known  as specic

immunity,  because d ierent  antibodies are needed  to

defend  against  d ierent  pathogens.  After an  infection

has been cleared from the body,  most of the lymphocytes

used  to  produce the antibodies d isappear,  but  some

persist as memory  cel ls.  These memory  cel ls can  quickly

reproduce to  form a  clone of plasma  cel ls  if a  pathogen

carr ing the same antigen  is  re-encountered.  

ANTIBIOTICS
Antibiotics  are chemicals produced by microorganisms, to kill  or 

control  the growth o other organisms. For example, Penicillium  

ungus produces penicillin to kill  bacteria. Antibiotics work 

by blocking processes that occur in prokaryotic cells but not 

eukaryotic cells. There are many diferences between human 

and bacterial  cells and each antibiotic blocks one o these 

processes in bacteria without causing any harm in humans.

Viruses lack a  metabol ism and  instead  rely  on  a  host such 

as a  human cel l  to  carry  out metabol ic processes.  I t is  

not possible  to  block these processes using an  antibiotic 

without also harming the  human cel ls.  For this reason viral  

d iseases cannot be  treated  with  antibiotics.

Most bacterial  d iseases in  humans can  be treated  

successul ly  with  antibiotics,  but some strains o bacteria  

have acquired  genes that coner resistance to  an  antibiotic 

and  some strains o bacteria  now have multiple  resistance.  

TESTING PENICILLIN
Penicil l in  was developed  as an  antibiotic by  Florey  and  Chain  

in  the late 1930s.  Their rst test was on  eight mice inected  

with  a  bacterium that causes a  atal  pneumonia.  Al l  the our 

treated  mice recovered  but the untreated  mice died.  Initial ly  

they  only  had  smal l  quantities o relatively  impure penicil l in.  

They  tested  these on  a  man that was close to  death  rom a  

bacterial  inection.  He started  to  recover but the antibiotic ran  

out.  Five patients were then  tested,  a l l  o whom were cured.

Florey and Chains research would not be regarded as sae  

enough today. Extensive animal  testing o new drugs is rst 

done to check or harmul  efects. Ater this small  and then larger 

doses are tested on healthy, inormed humans to see i the drug 

is tolerated. Only  then is the drug tested on patients with the 

disease and i small  scale trials suggest that it is efective, larger 

scale double-blind trials are carried out on patients to test the 

drugs efectiveness and look or rare side efects.  

H IV AND THE IMMUNE SYSTEM
HIV (human immunodefciency virus)  inects 

a  type o lymphocyte that plays a  vital  role  in  

antibody  production.  Over a  period  o years 

these lymphocytes are gradual ly  destroyed.  

Without active  lymphocytes,  antibodies 

cannot be produced.  This condition  is cal led  

AIDS (acquired immunodefciency syndrome)  

and,  i untreated,  leads to  death  rom 

inections by  a  variety  o pathogens that would  

normally  be control led  easi ly.  

H IV does not survive or long outside the body  

and  cannot easily  pass through  the  skin.  

Transmission  involves the  transer o body  

uids rom an  inected  person  to  an  

uninected  one:

  Through smal l  cuts or tears in  the 

vagina,  penis,  mouth  or intestine 

during vaginal ,  anal  or oral  sex.

  In  traces o blood  on  hypodermic 

needles shared  by  intravenous 

drug abusers.

  Across the placenta rom a mother to a  

baby, or through cuts during childbirth  

or in milk during breast-eeding.

  In  transused  blood  or with  blood  

products such as Factor VI I I  used  to  

treat hemophil iacs.
lymphocyte

HIV
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Ventilation

THE NEED FOR VENTILATION
Cell  respiration happens in the cytoplasm and mitochondria and  

releases energy in the orm o ATP or use inside the cell.

In  humans, oxygen is used in  cell  respiration and carbon 

dioxide is produced. Humans thereore must take in  oxygen 

rom their surroundings and release carbon dioxide.

This process o swapping one gas or another is cal led  

gas exchange.  I t happens by  difusion in  the alveoli  o 

human lungs, so it depends on concentration  gradients o 

oxygen and  carbon dioxide between the air in  the alveol i  

and  blood  owing in  the adjacent capil laries.  To maintain  

these concentration  gradients,  the air in  the alveoli  must be 

rereshed requently.  The process o bringing resh  air to  the 

alveoli  and  removing stale air is cal led  ventilation .  

The diagram o the ventilation system shows how air is carried  

to and rom the alveoli  in  the trachea, bronchi  and bronchioles.

VENTILATION  OF THE LUNGS
Muscle contractions cause the pressure changes inside the 

thorax that orce air in  and  out o the lungs to  ventilate them.

Diferent muscles are required  or inspiration  and  expiration  

because muscles only  do  work when they  contract.  Muscles 

that cause the opposite  movement rom each  other are  

antagonistic muscles.

Inhaling

  The external  intercostal  

muscles contract,  moving 

the ribcage up and  out

  The diaphragm contracts,  

becoming atter and  

moving down

  These muscle 

movements increase the  

volume o the thorax

  The pressure inside the 

thorax thereore drops 

below atmospheric 

pressure

  Air ows into  the lungs 

rom outside the body  

until  the  pressure 

inside the lungs rises to  

atmospheric pressure

Exhaling

  The internal  intercostal  

muscles contract, moving 

the ribcage down and in

  The abdominal  muscles 

contract,  pushing the 

diaphragm up into  a  

dome shape

  These muscle 

movements decrease 

the  volume o the thorax

  The pressure inside the 

thorax thereore rises 

above atmospheric 

pressure

  Air ows out rom the 

lungs to  outside the 

body  until  the pressure 

inside  the  lungs al ls to  

atmospheric pressure

MONITORING VENTILATION  IN  HUMANS
Ventilation rate  is the number o inhalations or exhalations 

per minute.  

Tidal  volume  is the volume o air taken in  or out with  each  

inhalation or exhalation. By  monitoring ventilation rate 

and  tidal  volume at rest and then during mild  and vigorous 

exercise the efect o ventilation can be investigated.  

1 .  Monitoring ventilation  rate

This can be done by  simple observation or using data-logging:

  An inatable  chest belt is  placed  around  the  thorax and  

air is  pumped  in  with  a  bladder.  

  A diferential  pressure sensor is then  used  to  measure 

pressure variations inside  the  chest belt due to  chest 

expansions.  

  The venti lation  rate can  be deduced  and  also the relative  

size  o ventilations but not the absolute size.  

2.  Monitoring tidal  volumes

Tidal  volumes are measured   

using a  spirometer.  

Simple spirometers can  

be made using a  bell  jar,  

with volumes marked on  

it,  placed in  a  pneumatic 

trough. A tube is used to  

breathe out into the bell  jar 

so the expired volume can  

be measured. There are 

many designs o electronic 

spirometer that doctors use.  

The graph (right)  shows 

the type o data  that is generated by  monitoring ventilation  

with  a  spirometer. Tidal  volume is deduced by  how much the 

lung volume increases or decreases with each ventilation.  

Ventilation rate is deduced by  counting the number o 

ventilations in  a  period  on the graph and measuring the time 

period  using the x-axis o the graph.  

 Rate =    
number o ventilations

  
_____
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THE VENTILATION  SYSTEM

diaphragm

bronchioles

(ending in

microscopic

alveol i)

ribs

left  lung

trachea

bronchus

intercostal

muscles

0

15

30

37

80

0 5 10
seconds

vo
lu
m
e
 (
m
l/
kg

)

15 20



79H U M AN  P H YS I O LO G Y

Gas exchange

LUNG CANCER
Epidemiology  is  the study  o the incidence and  causes 

o d isease.  Surveys are used  to  look or correlations 

between  disease rates and  actors that could  be implicated.  

Correlation  does not prove causation  but careul  analysis 

can  show whether a  actor actual ly  causes a  d isease.  The 

ve main  causes o lung cancer are these:

  Smoking    tobacco smoke contains many  mutagens that 

cause tumours to  develop.  Smoking causes nearly  90%  

o lung cancer cases.

  Passive smoking  exhaled  breath  rom smokers passes 

carcinogens on  to  others,  both  chi ldren  and  other adults.  

Smoking bans are reducing this.

  Air pollution  the many  sources include diesel  exhaust 

umes,  nitrogen  oxides rom vehicles and  smoke rom 

wood  and  coal  res.

  Radon gas    in  some areas it leaks out o rocks,  

especial ly  granite.  

  Asbestos and  silica   dust rom these materials causes 

cancer i deposited  in  the  lungs.

The consequences o lung cancer are:  

  difculties with  breathing

  persistent coughing

  coughing up blood

  general  atigue

  chest pain

  loss o appetite

  weight loss

Lung cancer is usual ly  atal  as it is  only  discovered  at a  

late  stage when the primary  tumour is large and  secondary  

tumours have already  developed  elsewhere in  the  body.  

EMPHYSEMA
The main  causes o emphysema are smoking and  air 

pol lution. Cil ia  that l ine the airways and  expel  mucus are  

damaged and  cease to unction,  so mucus builds up in  the 

lungs, causing inections. Toxins in  cigarette smoke and  

pol luted  air cause inammation and  damage to the white 

blood  cel ls that ght inections in  the lungs. A protease 

(trypsin)  is released  rom inamed cel ls and  damaged white 

blood  cel ls.  This enzyme digests elastic bres in  the lungs 

and  eventually  causes complete breakdown o alveolus walls.  

Microscopic alveoli  (below let)  are replaced  by  progressively  

larger air sacs with  thicker,  less permeable walls (below right) .  

Emphysema is a  chronic and  progressive disease with  serious 

consequences. The surace area or gas exchange reduces so 

the oxygen saturation o the blood alls and exercise is more 

and  more difcult.  The lungs lose their elasticity, making it 

increasingly  difcult to  exhale (shortness o breath) . Mucus 

in  the lungs causes coughing and  wheezing.

ADAPTATIONS OF AN  ALVEOLUS FOR GAS EXCHANGE
Gas exchange suraces have our properties (below) .  Al though  each  

alveolus is very  smal l ,  the  lungs contain  hundreds o mil l ions o alveol i ,  

giving a  huge overal l  surace area  or gas exchange.

  permeable to  oxygen and  carbon  dioxide

  a  large surace area  or d iusion  

  thin,  so  the distance or d iusion  is smal l

  moist,  so  oxygen can  d issolve 

Type 1  pneumocytes
Extremely  thin  and  permeable  a lveolar cel ls  that  are  adapted  to
carry  out  gas exchange.  Most  of the  wal l  of the  a lveolus consists of
a  single  layer of these thin  cel ls.  Gases only  have to  d iuse a
very  short  d istance to  pass through  them.

Type 2  pneumocytes
Cel ls  in  the  a lveolus wal l  that  secrete a  uid  to  keep the inner surface of
the a lveolus moist  and  a l low gases to  d issolve.  The  uid  a lso  contains a
natural  detergent  ( surfactant) ,  to  prevent  the sides of the  a lveol i  from
sticking together by  reducing surface tension.   

Blood  capil laries
The a lveolus is  covered  by  a  dense network
of blood  capi l laries with  low oxygen  and  high
carbon  d ioxide  concentrations.  Oxygen
therefore d iuses from the  a ir in  the
alveolus to  the  blood  and  carbon  d ioxide
diuses in  the  opposite  d irection.

1 0
0 
m
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Neurons and synapses

STRUCTURE AND FUNCTION  OF NEURONS
The nervous system is composed o cells called neurons.  These cells carry messages at high speed in the orm o electrical  impulses.  

Many neurons are very elongated and carry impulses long distances in a  very short time. Myelinated nerve bres have a myelin sheath  

with small  gaps called nodes of Ranvier,  allowing the nerve impulse to jump rom node to node. This is known as saltatory conduction  

and speeds up the transmission.

CHOLINERGIC SYNAPSES
Synapses do not all  use the same neurotransmitter but 

many use acetylcholine.  They are known as cholinergic 

synapses.  The pre-synaptic neuron secretes acetylcholine 

into the synaptic clet, which difuses across the synapse 

and then binds to receptors in the post-synaptic membrane.  

The acetylcholine is broken down in the synaptic clet by the 

enzyme cholinesterase,  producing acetyl  groups and choline.   

The choline is reabsorbed by the pre-synaptic neuron.

NEONICOTINOID  PESTICIDES
Neonicotinoid  pesticides bind  to  acetylchol ine  receptors 

in  the post-synaptic membranes o chol inergic synapses 

in  insects.  Chol inesterase does not break down these 

pesticides so  they  remain  bound  to  the  receptors,  preventing 

acetylchol ine rom binding.  They  thereore block synaptic 

transmission,  which  ultimately  kil ls the insect.  Unortunately  

honeybees are kil led  along with  insect pests that are the 

intended  target o neonicotinoids.  

SYNAPSES
A synapse  is a  junction  between two neurons or a  junction  

between neurons and  receptor or efector cel ls.  The plasma 

membranes o the neurons are separated  by  a  narrow uid-

l led  gap cal led  the synaptic clet.  Messages are passed  across 

the synapse in  the orm o chemicals cal led  neurotransmitters.  

The neurotransmitters always pass in  the same direction  rom 

the pre-synaptic neuron  to the post-synaptic neuron.

Many synapses unction in the ollowing way.

1. A nerve impulse reaches the end  o the pre-synaptic neuron.

2. Depolarization o the pre-synaptic membrane causes 

vesicles o neurotransmitter to move to the pre-synaptic 

membrane and use with it,  releasing the neurotransmitter 

into the synaptic clet by  exocytosis.

3 .  The neurotransmitter d ifuses across the synaptic clet and  

binds to  receptors in  the post-synaptic membrane.

4.  The receptors are  transmitter-gated  sodium channels,  

which  open  when  neurotransmitter binds.  Sodium ions 

difuse into  the  post-synaptic neuron.  This causes 

depolarization  o the  post-synaptic membrane.

5.  The depolarization  passes on  down the post-synaptic 

neuron  as an  action  potential .

6.  Neurotransmitter in  the synaptic clet is rapidly  broken 

down, to  prevent continuous synaptic transmission.  The 

gure (right)  shows the events that occur during synaptic 

transmission.
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Nerve impulses

RESTING POTENTIALS
A resting potential  is the voltage (electrical  potential)  across the 

plasma membrane o a  neuron when it is not conducting a nerve 

impulse. There are sodiumpotassium pumps in the plasma 

membranes o axons. They pump sodium out and potassium 

in, by active transport. Concentration gradients o both sodium 

and potassium are established across the membrane. The 

inside o the neuron develops a net negative charge, compared  

with the outside, because o the presence o chloride and other 

negatively charged ions. There is thereore a potential  (voltage)  

across the membrane. This is called the resting potential. A 

typical  resting potential  is 70mV. 

OSCILLOSCOPE TRACES
The changes in membrane potential  in  axons during an action  

potential  can be measured using electrodes. The results are 

displayed on an oscilloscope. The gure below shows the type 

o trace that is obtained.
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1  The axon membrane is at a  resting potential  o 70 mV 

and  then  rises to  the threshold  potential  o 50 mV,  

either due to  local  currents or to  the binding o a  

neurotransmitter at a  synapse.

2  The membrane depolarizes due to  voltage-gated  Na+  

channels opening and  Na+  ions difusing in.

3  The membrane repolarizes due to  voltage-gated  K+  

channels opening and  K+  ions difusing out.

4 The membrane returns to  the resting potential  due to  

pumping o Na+  ions out and  K+  ions in  to  the axon.  This 

rebuilds concentration  gradients o both  types o ion,  so  

another action  potential  could  occur.

ACTION  POTENTIALS
An action potential  is the depolarization and repolarization  

o a  neuron, due to acilitated difusion o ions across the 

membrane through voltage-gated ion channels. I the potential  

across the membrane rises rom 70 to 50 mV, voltage-gated  

sodium channels open and sodium ions difuse in down the 

concentration gradient. The entry o positively charged sodium 

ions causes the inside o the neuron to develop a net positive 

charge compared to the outside  the potential  across the 

membrane is reversed. This is depolarization.  

The reversal  o membrane polarity causes potassium channels 

to open, allowing potassium ions to difuse out down the 

concentration gradient. The exit o positively charged potassium 

ions causes the inside o the neuron to develop a net negative 

charge again compared with the outside  the potential  across 

the membrane is restored. This is repolarization.

PROPAGATION  OF NERVE IMPULSES
A nerve impulse is an action potential  that travels along the 

axon o a  neuron rom one end to the other. There is an action  

potential  whenever a part o the axon reaches the threshold  

potential  o 50mV. An action potential  in  one part o the axon  

triggers an action potential  in the next part. This is called the 

propagation of the nerve impulse.  I t is due to difusion o 

sodium ions between a region with an action potential  and the 

next region that is still  at the resting potential. The difusion  

o sodium ions along the axon, both inside and outside the 

membrane, is called local currents.  I t changes the voltage 

across the membrane rom the resting potential  o 70mV to the 

threshold potential  o 50mV. This causes an action potential,  

because voltage-gated sodium channels open.  

Na +

N a +

N a + N a +

Na +

Na +

N a +

N a +

N a +

N a +
Na +

N a +

Na +

N a +

Na +

Na +

N a +

Na +

N a +

N a + N a +

K+ K+ K+ K+
K+

K+

K+

K+

K+

K+

K+

K+

K+

K+

K+

K+














 



 







Na +

Na +

region  at  the

resting potentia l

region  with  an

action  potentia l

MEMORY AND LEARNING
Higher unctions o the brain including memory and learning 

are only partly understood at present and are being researched  

very actively. They have traditionally been investigated by  

psychologists but increasingly the techniques o molecular 

biology and biochemistry are being used to unravel  the 

mechanisms at work. Other branches o science are also making 

important contributions, including biophysics, medicine,  

pharmacology and computer science.  

This is an excellent example o cooperation and collaboration  

between groups o scientists, which is an important aspect o 

the nature o science.  

Research breakthroughs are oten made in science when  

diferent techniques are combined to solve a problem. 

Scientists rom diferent disciplines meet and exchange ideas 

both within universities and research institutes and also at 

international  conerences and symposia.
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Regulating blood glucose and body temperature

BLOOD GLUCOSE CONCENTRATION
Blood  glucose concentration  is usual ly  kept between 4 and  

8  mil l imoles per dm3  o blood.  Cel ls in  the pancreas monitor 

the concentration  and  secrete the hormones insulin  or 

glucagon  when the level  is  high  or low. 

Responses to high blood glucose levels

Insul in  is secreted  by    (beta)  cel ls.  

I t stimulates the  l iver and  muscle cel ls to  absorb glucose 

and  convert it to  glycogen.  Granules o glycogen  are  stored  in  

these cel ls.  Other cells are stimulated  to  absorb glucose and  

use it in  cel l  respiration  instead  o at.  These processes lower 

the blood  glucose level .  

Responses to high blood glucose levels

Glucagon is secreted  by    (alpha)  cel ls.  

I t stimulates l iver cel ls to  break glycogen down into glucose 

and  release the glucose.  This raises the blood  glucose level .
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The graphs show the results o giving experimental   

subjects 75  g o glucose at time zero,  ater an  overnight  

period  o asting.

THYROXIN
The hormone thyroxin  is  secreted  by  the thyroid  gland  in  the 

neck.  I ts chemical  structure  is unusual  as the thyroxin  

molecule contains our atoms o iodine.  Prolonged  deciency  

o iodine in  the diet thereore  prevents the synthesis o 

thyroxin.  This hormone is also unusual  as almost al l  cel ls in  

the body  are targets.  Thyroxin  regulates the bodys metabol ic 

rate,  so  al l  cel ls need  to  respond  but the most metabol ical ly  

active,  such  as l iver,  muscle and  brain  are  the  main  targets.  

H igher metabol ic rate supports more protein  synthesis and  

growth  and  it increases the generation  o body  heat.   

In  addition,  thyroxin  is impl icated  in  heat generation  by  

shivering and  by  uncoupled  cel l  respiration  in  brown adipose 

tissue (BAT) .

In  a  person  with  normal  physiology,  cool ing triggers 

increased  thyroxin  secretion  by  the  thyroid  gland,  which  

stimulates heat production.  Recent research  has a lso 

suggested  that thyroxin  causes constriction  o vessels  that 

carry  blood  rom the  core  to  the  skin,  reducing heat loss.  

Thyroxin  thus regulates the  metabol ic rate  and  a lso  helps to  

control  body  temperature.

Normal  body

temperature

Hypothalamus

of brain  detects

raised  temperature

Thyroid

gland secretes

less thyroxin

Thyroid

gland secretes

more thyroxin

Hypothalamus

detects reduced

body  temperature

  Reduced  metabol ic rate.

  Vasodilation  of skin  arterioles.

  Reduced  respiration  in  BAT

  Increased  metabol ic rate.

  Vasoconstriction  of skin  arterioles.

  Shivering.  Increased  respiration  in  BAT

Normal  body

temperature

DIABETES
In some people the control  o blood  glucose does not work eectively  and  the concentration  can  rise or al l  beyond  the normal  

l imits.  The ul l  name or this condition  is diabetes mellitus .  There are two orms o this condition:  

Type I  diabetes

  The onset is usual ly  during childhood.

  The immune system destroys   cel ls in  the pancreas so 

the  amount o insul in  secreted  becomes insufcient.

  Blood  glucose levels have to  be measured  regularly  and  

insul in  injections,  oten  beore meals,  are used  to  control  

glucose levels.

  Diet cannot by  itsel control  this type o d iabetes.

Type II  diabetes

  The onset is usual ly  ater chi ldhood.

  Target cel ls become insensitive to  insul in,  so  insul in  

injections are  not usual ly  an  eective treatment.

  Low carbohydrate diets can  control  the condition.

  Various risk actors increase the rate,  particularly  diets  

rich  in  at and  low in  bre,  obesity  due to  over-eating 

and  lack o exercise  and  genetic actors that aect at 

metabol ism.
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Leptin  and melatonin

LEPTIN  AND OBESITY
A strain o mice was discovered in the 1950s that eed  

ravenously, become inactive and gain mass, mainly through  

increased adipose tissue.  They grow to a  body mass o about 

100 grams, compared with wild type mice o 2025 grams. 

Breeding experiments showed that the obese mice had two 

copies o a  recessive allele, ob.

In  the early  1990s it was discovered  that the wild-type al lele  

o this gene supported  the synthesis o a  new hormone.  I t 

was named  leptin ,  and  was also ound  in  humans.  Leptin  is 

a  protein  hormone secreted  by  adipose cells  (at storage 

cel ls) .  I  the  amount o adipose tissue in  the  body  increases,  

the concentration  o leptin  in  the blood  rises.  The target o 

this hormone is groups o cel ls in  the hypothalamus  o the 

brain  that contribute  to  the control  o appetite.  Leptin  binds 

to  receptors in  the membrane o these cel ls causing long-

term appetite inhibition  and  reduced  ood  intake.  

When  ob/ob  m ice  were  in jected  with  leptin  their appetite  

decl ined,  energy  expenditure  increased  and  body  mass 

dropped  by  30%  in  a  month.  Tria ls  were  thereore  done  to  

see  i leptin  in jections would  control  obesity  in  humans.  

A large  cl in ical  tria l  was carried  out.  73  obese  volunteers 

in jected  themselves either with  one  o several  leptin  doses 

or with  a  placebo.  A double-bl ind  procedure  was used,  so  

neither the  researchers nor the  volunteers knew who was 

in jecting leptin  unti l  the  results were  analysed.  The  leptin  

in jections induced  skin  i rri tation  and  swel l ing and  only   

47  patients completed  the  tria l .  The  eight patients receiving 

the  h ighest dose  lost 7 .1  kg o body  mass on  average 

compared  with  a  loss o 1 .3  kg in  the  12  volunteers who 

were  in jecting the  placebo.  However the  resu lts  o the 

group  receiving the  h ighest dose  varied  very  widely  rom 

a  loss o 15  kg to  a  gain  o 5  kg.  Also,  any  body  mass lost 

during the  tria l  was usual ly  regained  rapid ly  aterwards.

Such disappointing outcomes are requent in drug research  

because human physiology diers rom that o mice and other 

rodents. Further research has shown that most cases o obesity  

in humans are due not to insufcient leptin secretion but to target 

cells in the hypothalamus being resistant to leptin. They thereore 

ail  to respond to it, even at high concentrations. Injections o 

extra leptin thereore ail  to control  obesity in these patients.

Obesity  in humans is only due to mutations in the leptin gene 

in a  very small  proportion o cases. Trials in these obese people 

have shown signicant weight loss while the leptin injections 

are being given. However, leptin is a  short-lived protein and has 

to be injected several  times a day, so most patients oered this 

treatment have reused it.  

MELATONIN  AND JET LAG
Humans are adapted to l ive in  a  24-hour cycle and have 

circadian rhythms in  behaviour that t this cycle. Ganglion  

cells in  the retina detect whether it is l ight or dark and  

send impulses to the supra-chiasmatic nuclei  (SCN)  in  the 

hypothalamus. Neurones in  the SCN  control  secretion o the 

hormone melatonin by  the pineal  gland. Melatonin  secretion  

increases in  the evening and drops to a  low level  at dawn. As 

the hormone is rapidly  removed rom the blood by  the l iver,  

concentrations rise and all  rapidly  ater a  change in  secretion.  
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The graph  shows that melatonin  secretion  decl ines with  age,  

helping to  explain  how sleep patterns become more irregular 

as we grow older.

The bodys circadian rhythms are disrupted by  travell ing rapidly  

between time zones. These symptoms are oten experienced:

  sleep d isturbance

  atigue

  headaches

  irritabil ity.

Together they are known as jet lag. They are caused  by  the 

SCN  and pineal  gland  continuing to set a  circadian rhythm to  

suit the timing o day  and  night at the point o departure rather 

than the destination. This only  lasts or a  ew days, during 

which time impulses sent by  ganglion cells to the SCN  when 

they detect l ight help the body to adjust to the new regime. 

Melatonin is sometimes used to try to prevent or reduce jet lag. It is  

taken orally at the time when sleep should ideally be commencing.  

Most trials o melatonin have shown that it is eective at promoting 

sleep and helping to reduce jet lag, especially i ying eastwards 

and crossing ve or more time zones.

The graph below shows blood plasma concentrations o melatonin  

in the hours ater ingesting dierent doses at time zero.  
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Reproductive systems

THE MALE REPRODUCTIVE SYSTEM

bladder
sperm duct

( transfers sperm

during ejaculation)  

erectile  

tissue

urethra

( transfers semen

during ejaculation

and  urine during

urination)   

foreskin
testis

(produces sperm 

and  testosterone)

seminal  vesicle

(secretes an  a lkal ine

uid  at  the  end  of

ejaculation  containing

proteins that  make the

semen  sticky)   

prostate gland

(secretes an

alkal ine uid  that

is  added  to  sperm

at the  start  of

ejaculation  and

helps sperm to

swim)  

epididymis

(stores sperm

until  ejaculation)  

scrotum

(holds testes at

lower than  core

body  temperature)

penis

(has erecti le

tissue that

becomes enlarged

and  hard  a l lowing

penetration

of the  vagina  so

semen  can  be

ejaculated

near the  cervix)

THE FEMALE REPRODUCTIVE SYSTEM

ovary

(produces eggs,

estrogen  and

progesterone)

uterus

(provides 

protection,  

food,  oxygen  

and  removal  

of waste 

products for 

the fetus during 

pregnancy)  

bladder

urethra

oviduct

(col lects eggs at  ovulation,  

provides a  site  for 

ferti l ization  then  moves 

the  embryo to  the  uterus)

cervix

(protects the  fetus 

during pregnancy  and  

then  d i lates to  provide 

a  birth  canal)

vagina

(stimulates penis  to  

cause ejaculation  and  

provides a  birth  canal)

large intestine

vulva

(protects internal  parts of the 

female reproductive system)

SEX DETERMINATION
Human reproduction involves the 

usion o a  sperm and an egg. Embryos 

all  initially  develop in a  similar way.  

Embryonic gonads are ormed that could  

become either ovaries or testes. The 

presence or absence o a  single gene 

(SRY)  decides which developmental  

pathway is ollowed. This gene codes or 

TDF (testis determining actor) , a  gene 

regulation protein. By binding to specifc 

DNA sites TDF stimulates the expression  

o genes or testis development.  

SRY is located on the Y chromosome, so  

there are two possibilities or an embryo:

SRY is present in  an embryo i the 

sex chromosomes are XY. The 

embryonic gonads thereore develop 

into testes and the etus becomes male.  

SRY is absent in an embryo i the sex 

chromosomes are XX. TDF is 

thereore not produced, so the 

embryonic gonads develop as ovaries 

and the etus becomes emale.

STEROID  HORMONES
Testosterone,  estrogen and  

progesterone are al l  steroids.  

Testosterone  is produced by  

developing testes in  the etus. I t 

causes pre-natal  development o male  

genital ia,  including the penis, sperm 

duct and prostate gland. During puberty  

testosterone production increases.  

I t stimulates development o male 

secondary sexual  characteristics during 

puberty, including growth o the testes,  

penis and pubic hair.  Testosterone also 

stimulates sperm production rom 

puberty  onwards.

Estrogen  causes pre-natal  

development o emale reproductive 

organs i testosterone is not present.  

These organs include the oviduct,  

uterus and  vagina. Raised  levels 

o estrogen during puberty  cause 

development o emale secondary  

sexual  characteristics,  including 

growth  o breasts and  pubic hair.  

Progesterone  prepares the uterus 

during the menstrual  cycle  or the 

implantation  o an  embryo and  has 

important roles in  supporting a  

pregnancy.
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Conception and pregnancy

THE MENSTRUAL CYCLE
Between  puberty  and  the menopause,  women who are not 

pregnant ol low a  cycle  cal led  the  menstrual  cycle.  This cycle  

is control led  by  hormones FSH  and  LH,  produced  by  the 

pituitary  gland,  and  estrogen and  progesterone,  produced  

by  the ovary.  Both  positive and  negative eedback control  is  

used  in  the menstrual  cycle.  During each  menstrual  cycle  

an  oocyte  (egg)  matures inside a  uid-l led  sac in  the ovary  

cal led  a  follicle.  The  egg is released  when the ol l icle  bursts 

open during ovulation .

STAGES OF THE MENSTRUAL CYCLE

MENSTRUATION MENSTRUATIONOVULATION

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34

Levels of 

pitu itary  

hormones

(FSH

and  LH)

ovary

development

Levels of 

ovarian  

hormones 

(estrogen  

and  

progesterone)

fol l icle  starting

to develop

fol l icle  nearly

mature

corpus

luteum

FSH

LH

progesterone

est
rog

en

DAYS AFTER THE START OF MENSTRUATION

1    FSH  rises to  a  peak 
and  stimulates the 
development  of fol l icles,  
each  containing an  
oocyte and  fol l icu lar
uid.  FSH  a lso  
stimulates secretion  
of estrogen  by  the 
fol l icle  wal l .

2    Estrogen  stimulates 
an  increase in  FSH  
receptors in  the 
fol l icles,  making them 
more  receptive  to  FSH,  
which  boosts estrogen  
production  (positive 
feedback) .  

3    Estrogen  stimulates 
the repair and  
thickening of the  
endometrium 
(uterus l in ing)  
after menstruation.

4   When  it  reaches high  
levels  estrogen  
stimulates LH  secretion.  
I t  a lso  inhibits secretion  
of FSH  by  the pitu itary  
gland,  leading to  a  fal l  
in  estrogen  secretion  
( negative feedback) .

5    LH  rises to  a  sudden  
and  sharp peak towards 
the end  of the fol l icu lar 
phase.  I t  stimulates the 
completion  of meiosis 
in  the  oocyte  ( egg)  and  
partia l  d igestion  of the  
fol l icle  wal l  a l lowing it  to  
burst  open  (ovulation) .  

6    LH  a lso  promotes the 
development  of the wal l  of 
the fol l icle  after ovulation  
into  the  corpus luteum 
which  secretes estrogen
and  progesterone.  

7    Progesterone levels  
rise  in  the days after 
ovulation,  promoting 
the thickening and  
maintenance of 
the endometrium.

8    High  progesterone and  
estrogen levels inhibit FSH
and LH  secretion. This is
negative feedback because
FSH and LH  stimulated
estrogen and progesterone
secretion.  

9    Progesterone and  estrogen
levels fall  if no embryo has
been formed. Eventually  the
levels are low enough to allow
FSH secretion.  

10    FSH  levels 
rise again,
starting the next
menstrual  cycle.  

FEEDBACK CONTROL
In eedback systems,  the  level  o a  product eeds back to  

control  the rate o its own production.  

Negative feedback has a  stabilizing efect because a  change in  

levels always causes the opposite change. A rise in  levels eeds 

back to decrease production and reduce the level. A decrease in  

levels eeds back to increase production and raise the level.

Positive feedback tends to lead to sudden rises or alls, because 

a rise causes urther rises and a all  causes urther alls.  
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Research into reproduction

IN  VITRO  FERTILIZATION
Pioneering research  in  the second  hal o the 20th  century  led  to  the  development o in  vitro ertilization ,  oten  abbreviated  to  

IVF.  I t has been  used  extensively  to  overcome erti l ity  problems in  either the male or emale parent.  The ol lowing procedures are 

usual ly  used:

1.  Down-regulation  

The woman takes a  drug each day,  usual ly  as a  nasal  spray,  to  stop her pituitary  gland  secreting FSH  or LH.  Secretion  o estrogen 

and  progesterone thereore also stops.  This suspends the normal  menstrual  cycle  and  al lows doctors to  control  the  timing and  

amount o egg production  in  the womans ovaries.  

2.  Artifcial  doses o hormones

Intramuscular injections o FSH  and  LH  are  then  given  daily  or about ten  days,  to  stimulate  ol l icles to  develop.  The FSH  

injections give a  much higher concentration  than  during a  normal  menstrual  cycle,  so  ar more ol l icles develop than  usual .  

Twelve is not unusual  and  there can  be as many  as twenty  ol l icles.  This stage o IVF is thereore cal led  superovulation.   

3 .  Egg retrieval  and  ertilization

When the ol l icles are 18  mm in  diameter 

they  are stimulated  to  mature by  an  

injection  o hCG,  another hormone that 

is normal ly  secreted  by  the embryo.  A 

micropipette  mounted  on  an  u ltrasound  

scanner is passed  through  the  uterus wal l  

to  wash eggs out o the ol l icles.  Each  egg is 

mixed  with  50,000 to  100,000 sperm cel ls 

in  steri le  conditions in  a  shal low dish,  which  

is then  incubated  at 37  C unti l  the next day.  

4.  Establishing a  pregnancy 

I  erti l ization  is successul  then  one or more 

embryos are  placed  in  the uterus when they  

are about 48  hours old.  Because the  woman 

has not gone through a  normal  menstrual  

cycle  extra  progesterone is usual ly  given  

as a  tablet placed  in  the vagina,  to  ensure 

that the uterus l ining is maintained.  I  the 

embryos implant and  continue to  grow then  

the pregnancy  that ol lows is no  diferent rom a  pregnancy  that began by  natural  conception.  

HARVEY AND THE DISCOVERY OF SEXUAL REPRODUCTION
Wil l iam Harveys discovery  o the circulation  o blood  in  the 

17th  century  shows that he was a  bri l l iant research  scientist 

and  yet he made l ittle  progress in  another area  that interested  

him very  much:  reproduction  in  humans and  other animals.  

He was taught the seed  and  soil   theory  o Aristotle,  according 

to  which  the male produces a  seed,  which  orms an  egg when 

it mixes with  menstrual  blood.  The egg develops into  a  etus 

inside the mother.  

Wil l iam Harvey  tested  Aristotles theory  using a  natural  

experiment.  Deer are seasonal  breeders and  only  become 

sexually  active during the autumn. Harvey  examined  the 

uterus o emale deer during the mating season by  slaughtering 

and  dissecting them. He expected  to nd  eggs developing in  

the uterus immediately  ater mating (copulation) ,  but only  

ound  signs o anything developing in  emales two or more 

months ater the start o the mating season.  

He regarded  his experiments with  deer as proo that Aristotles 

theory  o reproduction  was alse,  which  it certainly  is.  However 

Harvey  concluded  that ofspring cannot be the result o 

mating,  which  is also alse.  The problem or Harvey  was that 

the  gametes,  the process o erti l ization  and  early  stages o 

embryo development are too smal l  to  see with  the naked  eye 

or a  hand  lens,  and  efective microscopes were not avai lable  

when he was working.  An  efective microscope was not 

invented  until  17  years ater his death.

Harvey was understandably  reluctant to publish his research  

into sexual  reproduction, but he did  eventually  do so in  1651  

when he was 73  years old  in  his work Exercitationes de 

Generatione Animalium .  He knew that he had not solved the 

mystery  o sexual  reproduction. He was unlucky in  his choice o 

experimental  animal  because embryos in  the deer that he used  

remain microscopically  small  or an unusually  long period.

Scientic research  has oten  been  hampered  or a  time by  

deciencies in  apparatus,  with  d iscoveries only  being made 

ol lowing improvements.  This wil l  continue into  the uture 

and  we can  look orward  to  urther transormations in  our 

understanding o the  natural  world  as new techniques and  

technology  are invented.

The diagrams above show egg retrieval  rom the ovaries,  culture o eggs ater in  

vitro  erti l ization  and  implantation  o 4-cel l  embryos into  the uterus.
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Questions  human physiology
1.  The graph  shows oscil loscope traces or action  potentials in  

a  neuron  and  a  cardiac muscle  cel l .
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a)  Estimate the resting potential  o both  cel ls.  [2]

b)  Compare and  contrast the  traces or the  two cel ls.  [3]

c)  Annotate the trace or the cardiac muscle cel l  to   

show when depolarization  and  repolarization  occur.  [2]

d)  Measure the time taken to  repolarize each  cel l .  [2]

e)  Explain  the very  diferent repolarization  times.  [3]  

2 .  The micrograph  below shows a  scan  o a  etus at a  level  

immediately  below the diaphragm.

a)  Deduce,  with  reasons,  whether I  and  IV are arteries  

or veins.  [4]

b)  The structure label led  I I  is  a  vertebra.  From your 

knowledge o chordates,  identiy  structure I I I .  [2]

c)  From your knowledge o the  digestive system,   

identiy  the organ labelled  V.  [1]

d)  The structure  label led  VI  is  a  rib.  Deduce,  with   

reasons,  what structure VI I  is.  [2]

e)  Structure VI I I  is  the esophagus.  I t has the same layers  

in  its wal l  as the smal l  intestine.  State the names o 

these layers rom the outside inwards.  [4]

)  Suggest,  with  a  reason, which  organ appears in  the   

scan  above and  to  the let o the esophagus.  [2]

3.  The d iagram shows the gas exchange system.

I I

I I I

I

a)  State the name o the parts label led  I ,  I I  and  I I I .  [3]

b)  I ,  I I  and  I I I  a l low the lungs to  be ventilated.  Explain   

briey  the need  or ventilation.  [2]

c)  Draw and  label  a  d iagram o an  alveolus and  adjacent 

blood  capil laries.  [5]

4.  Florey  and  Chain  gave eight mice a  lethal  dose o 

Streptococcus  bacteria  and  injected  penicil l in  into  our o 

them. Those our mice survived  but the other our al l  d ied  

within  hours.  Use the instructions in  Topic 4 to  do a  chi-

squared  test o association  on  these results:

a)  Construct a  contingency  table  to  show the actual  

requencies o survival  and  death  or the treated  and  

untreated  mice and  also the expected  requencies 

assuming no association.  [4]

b)  Calculate the statistic chi-squared.  [4]

c)  Identiy  the critical  values or chi-squared  at 5% and   

1% signicance levels.  (see page 126 in  Topic 10)  [2]

d)  Evaluate  the  hypothesis that there is no association  

between death  or survival  and  whether mice were 

treated  with  penicil l in,  at both  signicance levels.  [2]

e)  The chi-squared  test is in  act inval id  with  this data  

because the expected  requencies are not al l  5  or  

more.  Calculate the number o mice needed  to  give 

expected  requencies o 5  or more.  [2]

)  Suggest two possible  reasons or Florey  and  Chain   

not using larger numbers o mice in  the experiment.  [2]  

5 .  a)   Vitamin  K and  the pesticide DDT are both  hydrophobic 

and  dissolve in  l ipid  droplets.  Suggest how they  are  

absorbed  into  the body  in  the i leum. [2]  

b)  A riboavin  (vitamin  B
2
)  transport protein  has recently  

been discovered  in  the membrane o smal l  intestine 

epithel ium cel ls.  Outl ine two methods o riboavin  

absorption  that this protein  might carry  out.  [4]

c)  Experiments have shown that zinc absorption  in  the 

smal l  intestine  increases as the concentration  o zinc 

in  d igested  oods increases,  unti l  a  plateau  at which  

urther increases in  zinc concentration  do not alter the  

rate o absorption.  Explain  these results.  [4]

I
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Landmarks in  DNA research

DNA AS THE GENETIC MATERIAL
In the early  1950s it was sti l l  unclear whether genes were 

made o DNA or protein.  Hershey and Chase  used  a  virus that 

inects cel ls o the bacterium E.  coli to  investigate  this.  Viral  

proteins start being made in  the cytoplasm o E.  coli  soon  

ater the virus comes into  contact with  it,  showing that the 

viral  genes have entered  the  

bacterium.  The virus was T2.  

Viruses such as T2  consist 

only  o DNA inside a  

protein  coat.  DNA contains 

phosphorus but not sulphur,  

and  protein  contains 

sulphur but not phosphorus.  

Hershey  and  Chase used  this 

d ierence to  prepare two 

strains o T2,  one having its 

DNA radioactively  label led  

with  3 2P and  the other having 

its protein  label led  with  3 5S.  

These two strains o label led  

T2  were each  mixed  with  E.  coli.  Ater leaving enough  time 

or the bacteria  to  be inected,  the  mixture  was agitated  in  

a  high-speed  mixer and  then  centriuged  at 10,000 rpm to  

separate into  a  sol id  pel let containing the bacteria  and  a  

l iquid  supernatant.  A Geiger counter was used  to  locate the 

radioactivity.  The results are  shown in  the diagram. 

sol id  pel let

uid

supernatant

Distribution  of

radioactivity

with  32P

Distribution  of

radioactivity

with  35S

35%

65%

80%

20%

Analysis o results

T2 binds to the surace o E.  coli and  injects its DNA into the  

bacterium. This explains the high proportion o radioactivity  

with the bacteria in  the pellet when 3 2P was used. Agitation  

shakes many o the protein coats o the viruses o the outside  

o the bacteria and these coats remain in  the supernatant.  

This explains the very  high proportion o radioactivity  in  the 

supernatant when 3 5S was used.

The small  proportion o radioactivity  in  the pellet can be 

explained by the protein coats that remain attached to the 

bacteria and also the presence o some uid containing protein  

coats in  the pellet. This and other experiments carried  out 

by Hershey and Chase give strong evidence or genes being 

composed o DNA rather than protein.  

THE HELICAL STRUCTURE OF DNA
I a  beam o X-rays is d irected  at a  material ,  most o i t 

passes through but some is scattered  by  the particles in  the 

material .  This scattering is cal led  difraction .  The wavelength  

o X-rays makes them particularly  sensitive to  diraction  by  

the particles in  biological  molecules including DNA.  

In  a  crystal  the  particles are arranged  in  a  regular repeating 

pattern,  so  the  diraction  occurs in  a  regular way.  An  

X-ray  detector is placed  close to  the sample to  col lect 

the scattered  rays.  The sample  can  be rotated  in  three 

dierent dimensions to  investigate the pattern  o scattering.  

Diraction  patterns can  be  recorded  using X-ray  flm.

DNA cannot be crystal l ized,  but in  1950 Maurice Wilkins  

developed  a  method  o producing arrays o DNA molecules 

that were orderly  enough  or a  d iraction  pattern  to  be 

obtained,  rather than  random scattering.  

Rosalind Franklin  came to  work in  the  same research  

department as Wilkins.  She developed  a  high  resolution  

detector that produced  very  clear images o d iraction  

patterns rom DNA. The fgure below shows the most amous 

o the  diraction  patterns that she obtained.

Analysis o results

From this d iraction  pattern  Frankl in  was able  to  make a  

series o deductions about the structure  o DNA:

  The cross in  the centre o the pattern  indicated  that the 

molecule was hel ical  in  shape.

  The angle o the  cross shape showed  the pitch  

(steepness o angle)  o the hel ix.

  The distance between the horizontal  bars showed  turns o 

the hel ix to  be 3 .4 nm apart.

Rosal ind  Frankl ins research  is an  excel lent example o the 

importance o making careul  observations in  science.  She 

was painstaking in  her methods o obtaining X-ray  diraction  

images o DNA and  in  her analysis o the  patterns in  them. 

Here observations were critical ly  important in  the  discovery  

o the  double hel ix structure o DNA by  Crick and  Watson.  

KEY

DNA protein

7
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DNA replication  

LEADING AND LAGGING STRANDS 
The two ends o a  strand  o nucleotides in  DNA or RNA are diferent.  They  are known as the  3 ' and  5 ' ends (3  prime and  5  prime) .  

The  3 '  end  in  DNA has a  deoxyribose to  which  the phosphate o another nucleotide could  be l inked.  The phosphate would  bond  

with  the  OH  group on  the C3  o the deoxyribose.  The 5' end  in  DNA has a  phosphate that is attached  to  C5  o deoxyribose.  

Nucleotides are l inked  to  the end  o a  DNA strand  during repl ication  by  one o a  group o enzymes cal led  DNA polymerases.  

These enzymes always add  the phosphate o a  ree nucleotide  to  the deoxyribose at the 3 ' end  o the strand.  The direction  o 

repl ication  is thereore 5' to 3'.  

The two strands in  a  DNA molecule are 

antiparallel  because they  run  in  opposite  

directions.  Each  end  o a  DNA double 

hel ix thereore has one strand  with  a  3 ' 

end  and  one with  a  5 ' end.  

Because o the antiparal lel  structure 

o DNA,  the two strands have to  be 

repl icated  in  d iferent ways.  

  On one strand  DNA polymerases 

can  move in  the same direction  as 

the  repl ication  ork so  repl ication  is 

continuous.  This is the leading strand .

  On the  other strand  DNA polymerases 

have to  move in  the opposite  direction  

to  the repl ication  ork,  so  repl ication  

is d iscontinuous.  This is the 

lagging strand .
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1   DNA gyrase  moves in  advance of hel icase

     and  rel ieves strains in  the DNA molecule

     that  are  created  when  the  double  hel ix is

     uncoi led.  Without  this  action  the  separated

     strands would  form tight  supercoi ls.

2   Helicase  uncoi ls  the DNA double  hel ix and  spl its  i t  into

     two template strands.  Single-stranded  binding proteins

     keep the  strands apart  long enough  to  a l low the template

     strand  to  be  copied.

3   DNA polymerase I I I  adds nucleotides in  a  5   to  3  d irection.

     On  the  leading strand  i t  moves in  the  same direction  as the

     repl ication  fork,  close to  hel icase.

7   DNA polymerase I  removes the  RNA

     primer and  replaces it  with  DNA.

     A n ick is  left  in  the  sugar-phosphate

     backbone of the  molecule  where  two

     nucleotides are sti l l  unconnected.

5   DNA polymerase I I I  starts repl ication

     next  to  the  RNA primer and  adds

     nucleotides in  a  5   to  3   d irection.

     I t  therefore  moves away  from the

     repl ication  fork on  the  lagging strand .

4  DNA primase  adds a  short  length  of RNA attached  by

     base pairing to  the  template  strand  of DNA.  This acts

     as  a  primer,  a l lowing DNA polymerase to  bind  and

     begin  repl ication.

6   Short  lengths of DNA are  formed

     between  RNA primers on  the lagging

     strand,  cal led  Okazaki  fragments.
8   DNA l igase  sea ls  up the

     n ick by  making another

     sugar-phosphate  bond.

ROLES OF ENZYMES IN  PROKARYOTIC DNA REPLICATION
Semi-conservative replication is carried out by a complex system o enzymes. There are diferences between prokaryotes and  

eukaryotes in the mechanism o replication, though the basic principles are the same. The system used in prokaryotes is shown below.
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Base sequences in  DNA

SANGER SEQUENCING
Frederick Sanger developed  a  method  o base sequencing that was used  very  widely  or 25  years.  I t 

is  based  on  nucleotides o d ideoxyribonucleic acid  (ddNA) .  These contain  dideoxyribose  instead  o 

deoxyribose,  so  have no  OH  group on  carbon atom 3 .  

P P P
base

O

4

5 

O

OH

CH2

3  2 

H

1 Deoxynucleotide

P P P
base

O

4

5 

O

H

CH2

3  2 

H

1 

Dideoxynucleotide

I  a  d ideoxynucleotide is at the end  o a  strand  o DNA,  there is no site  to  which  another nucleotide 

can  be added  by  a  5 ' to  3 ' l inkage.  In  the sequencing machine single-stranded  copies o the DNA 

being sequenced  are mixed  with  DNA polymerase and  normal  DNA nucleotides,  plus smal ler 

numbers o ddNA nucleotides.  The repl ication  is repeated  our times,  once with  dideoxynucleotides 

with  each  base,  A,  C,  G  and  T.

The ragments o repl icated  DNA that are produced  vary  in  length  depending on  how ar repl ication  

got beore it was terminated  because a  ddNA nucleotide was added  to  the end  o the  chain.  The 

ragments are separated  according to  length  by  gel  electrophoresis  with  our tracks,  one or each  base in  the ddNA nucleotide 

that terminated  repl ication.  Each  band  in  the gel  represents one length  o DNA ragment produced  by  repl ication.  Al l  the 

ragments o the  same length  end  in  the same base,  so  there is only  a  band  in  one o the our tracks or each  length  o ragment.  

This al lows the base sequence o the DNA to  be deduced  quite  easily  rom the gel .  

A typical  section  o gel  is  shown (right) .  Part o the base sequence is indicated.  

The whole  base sequence can  easily  be deduced.  This was initial ly  done by  hand but fuorescent markers were introduced  that 

al lowed  the  base sequence to  be read  by  a  machine.  

A T

T

A

G

C

FUNCTIONS OF DNA BASE SEQUENCES
There are thousands o sequences o bases that code or 

proteins in  the DNA o a  species.  These coding sequences  are  

transcribed  and  translated  when a  cel l  requires the protein  

that they  code or.  

There are also non-coding sequences .  Some non-coding 

sequences have important unctions.

  Regulating gene expression    some base sequences 

are  sites where proteins can  bind  that either promote or 

repress the  transcription  o an  adjacent gene.

  Introns    in  many  eukaryote genes the coding sequence is 

interrupted  by  one or more non-coding sequences.  These 

introns are removed  rom mRNA beore  it is  translated.  

Introns have numerous unctions associated  with  mRNA 

processing.

  Telomeres    these are repetitive base sequences at the 

ends o chromosomes. When the DNA o a  eukaryote 

chromosome is repl icated,  the end  o the molecule cannot 

be repl icated,  so  a  smal l  section  o the  base sequence 

is lost.  The presence o the telomere prevents parts o 

important genes at the ends o the chromosomes rom 

being lost each  time DNA is repl icated.  

  Genes for tRNA and rRNA   transcription  o these genes 

produces the transer RNA used  during translation  and  also  

the  ribosomal  RNA that orms much o the  structure o the 

ribosome.

metaphase chromosome

telomere telomere

gene

for transfer

RNA for a

polypeptide

exons

introns

for ribosomal

RNA

promoter
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Bioinformatics and nucleosomes

BIOINFORMATICS
Computers now al low huge amounts o data  to  be stored  

and  analysed,  a l lowing the branch  o biology  cal led  

bioinormatics to  develop.  Base sequences are  the  main  

type o data  stored  and  analysed  in  bioinormatics.  

Sequencing was at frst only  possible  with  short lengths o 

DNA such as individual  genes,  but now whole genomes can  

be sequenced  and  the amount o data  generated  is growing 

exponential ly.
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One o the main  types o analysis in  bioinormatics is 

locating genes that code or polypeptides within  genomes. 

This is done using computers to  search  or ORFs (open  

reading rames) .  The details o this procedure are  described  

in  Option  B.

Another type o analysis is to  search or conserved sequences 

in  the genomes o dierent organisms. These are base 

sequences similar enough or them to have been most l ikely  

inherited  rom a  common ancestral  gene. The conserved  

sequences are analysed to fnd  dierences in  the base 

sequences (see Topic 3) .  Classifcation o l iving organisms 

has been revolutionized by  these techniques (Topic 5) .

NUCLEOSOMES
DNA in  eukaryotes is  associated  with  proteins  to  orm 

nucleosomes.  These  are  globular structures that have 

a  core  o e ight h istone  proteins  with  DNA wrapped  

around.  Another h istone  protein  ca l led  H1  binds the  DNA 

to  the  core.  A short section  o l inker DNA connects  one 

nucleosome to  the  next.  

DNA l inker
nucleosome core consisting

of eight  histone protein  molecules

DNA wrapped  twice  around

the nucleosome core

another histone

protein  holding

the nucleosome

together

DNA l inker continuing

towards the next  nucleosome

The  eight h istones in  the  core  have  N-terminal  tai ls  

that extend  outwards rom  the  nucleosome.  During the 

condensation  o chromosomes in  the  early  stages o 

mitosis  and  meiosis  the  ta i ls  o h istones in  ad jacent 

nucleosomes l ink up  and  pu l l  the  nucleosomes together.  

Th is  is  part o the  process o supercoil ing.  

During interphase,  changes to  the nucleosomes al low 

chromosomes to  decondense (uncoil) .  The N-terminal  tai ls 

are reversibly  modifed  by  adding acetyl  or methyl  groups.  

This prevents adjacent nucleosomes rom packing together.  

The H1  histone protein  is removed so the binding o DNA to  

the nucleosome core is loosened.  The DNA then  resembles 

a  string o beads.  Where these changes occur they  al low 

access to  the DNA by  polymerase enzymes that carry  out 

repl ication  and  transcription.  Some sections o chromosomes 

remain  condensed  during interphase and  genes in  these 

sections are thereore not transcribed.  Nucleosomes thus 

help to  regulate transcription  in  eukaryotes,  by  control l ing 

which  sections o the chromosomes are condensed  or 

decondensed during interphase.

DNA strand nucleosomes N-terminal  ta i ls

JMol  molecular visual ization  software  can  be  used  to  

analyse  the  association  between  protein  and  DNA with in  

nucleosomes.  Go  to  Molecule  o the  Month  on  the  Protein  

Data  Base  (PDB) .  Select Nucleosome and  then  DNA in  a  

nucleosome in  the  l ist o d iscussed  structures.  The  JMol  

image  o a  nucleosome can  be  rotated  and  coloured  in  

d ierent ways to  show components.

TANDEM  REPEATS
Within  the genomes o humans and  other species there  are  

regions where adjacent sections o DNA have the same base 

sequence.  These are cal led  tandem repeats .  

The length  o the repeated  sequence can  be anything rom 

two bases to  60  or more.  

Examples:

ACACACAC  

  two nucleotide repeat (d imeric)

GATAGATAGATAGATAGATA

 our base repeat (tetrameric)

The number o repeats varies between d ierent individuals 

with  some tandem repeats.  These are thereore known as 

variable number tandem repeats .  

DNA profl ing (fngerprinting)  is based  on  variable  number 

tandem repeats.  The methods used  are described  in  Topic 3 .
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Gene expression

STAGES IN  GENE EXPRESSION
Gene expression  is the  production  o mRNA by  

transcription  o a  gene and  then  the production  o 

polypeptides by  translation  o the mRNA.  In  prokaryotes 

translation  can  occur immediately  ater transcription,  

because there  is no nuclear membrane.  Translation  can  

even  begin  beore an  mRNA molecule  has been ul ly  

transcribed.  In  eukaryotes the mRNA is produced  by  

transcription  in  the nucleus.  I t is  modifed  while  sti l l  in  the 

nucleus,  then  passes out to  the cytoplasm via  nuclear 

pores and  is translated  in  the cytoplasm.

PROMOTERS AND TRANSCRIPTION  
Gene expression  can  be  control led  at the transcription  

stage  at any  time in  the l ie  o a  cel l  some genes in  

the nucleus are being transcribed  and  others are not.  

Control  o gene expression  involves a  promoter.  This is 

a  base sequence close to  the  start o a  gene.  Every  gene 

has a  promoter,  but the base sequences vary,  a l lowing 

particular genes to  be transcribed  and  not others.  The 

promoter is not itsel transcribed  and  does not code  

or an  amino acid  sequence,  so  it is  an  example  o  

non-coding DNA with  a  unction.  

RNA polymerase (RNAP)  binds directly  to  the promoter 

in  prokaryotes and  then  starts transcribing.  Repressor 

proteins can  bind  to  the promoter and  prevent 

transcription.  The control  o gene expression  is more 

complicated  in  eukaryotes.  Proteins cal led  transcription  

factors  bind  to  the promoter,  which  al lows RNAP to  bind  

and  then  initiate transcription.  Several  transcription  

actors are required,  some o which  may  need  to  be  

activated  by  the binding o a  hormone or other chemical  

signal .  Repressor proteins can  prevent transcription.

Ater transcription  has been initiated  RNAP moves along 

the gene,  assembling an  RNA molecule one nucleotide  

at a  time.  RNAP adds the  5' end  o the ree RNA 

nucleotide  to  the 3 ' end  o the  growing mRNA molecule,  

so  transcription  occurs in  a  5 ' to  3 ' d irection.  The elongation  o RNA by  transcription  was described  in  Topic 2.  Transcription  is 

terminated  at the end  o the gene and  the DNA,  RNA and  RNAP separate.  

IDENTIFYING POLYSOMES  
The fgure below is an  electron  micrograph showing groups o 

ribosomes cal led  polysomes (or polyribosomes) .  A polysome 

is a  group o ribosomes moving along the same mRNA,  as they  

simultaneously  translate it.  

In  the micrograph below the arrow indicates where 

transcription  o a  prokaryote  gene is being initiated.  Along the 

DNA o the  gene are nine polysomes.  Only  in  prokaryotes can  

translation  begin  beore transcription  is fnished.
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Epigenetics

INHERITANCE OF ACQUIRED 

CHARACTERISTICS AND EPIGENETICS
A undamental  theory  o modern  biology  is  that 

characteristics  acquired  during an  ind ividual s  l i etime 

cannot be  inherited  by  their ospring.  The  a l ternative 

theory  that acquired  characteristics can  be  inherited  

was propounded  by  the  French  biologist Lamarck,  so  is 

reerred  to  as  Lamarckism .  

Evidence  has sometimes been  presented  or inheritance 

o acquired  characteristics,  but has  been  a lsiied  and  

Lamarckism  was d ismissed  as tantamount to  heresy.  

The  d iscovery  that DNA is  the  genetic materia l  added  to  

the  evidence  against Lamarckism   the  environment o 

an  ind ividual  during i ts  l i etime  cannot cause  speciic 

changes to  the  base  sequences o their genes.  

Nevertheless there  is  mounting evidence  that the 

environment can  indeed  trigger heritable  changes.  One 

explanation  involves smal l  chemical  markers  that are 

attached  to  DNA in  the  nucleus o a  cel l  to  ix the  pattern  

o gene  expression.  These 

markers are  usual ly  

passed  to  daughter cel ls 

ormed  by  mitosis,  and  

help  to  establ ish  tissues 

with  common  patterns o 

d ierentiation,  but they  

are  mostly  erased  during 

the  gamete  ormation .  

However a  smal l  percentage 

o markers persists  and  is 

inherited  by  ospring.  

The  pattern  o chemical  

markers establ ished  in  

the  DNA o a  cel l  is  the 

epigenome and  research  

into  i t  is  epigenetics .  

Example of epigenetic 

inheritance:  Methylation  is 

one type o chemical  marker.  

Variations in  the  pattern  

o methylation  that aect 

height and  fowering time in  

the model  organism Arabidopsis thaliana  ( let)  have been  

shown to  be  inherited  over at least eight generations.  

METHYLATION  AND EPIGENETICS 
Cytosine  in  DNA can  be  converted  to  methy lcytosine 

by  the  add ition  o a  methy l  group  (-CH
3
) .  Th is  change 

is  cata lysed  by  an  enzyme and  on ly  happens where 

there  is  guanine  on  the  3 '  side  o the  cytosine  in  the 

base  sequence.  I n  some eukaryotes there  is  widespread  

methylation  in  parts  o the  genome.  

Methy lation  inhibits  transcription,  so  is  a  means o 

switching o expression  o certa in  genes.  The  cel ls  in  

a  tissue  can  be  expected  to  have  the  same pattern  o 

methy lation  and  th is  pattern  can  be  inherited  in  daughter 

cel ls  produced  by  mitosis.  Environmental  actors  can  

inluence  the  pattern  o methy lation  and  gene  expression.

Fluorescent markers  can  be  used  to  detect patterns o 

methy lation  in  the  chromosomes.  Analysis  o the  patterns 

has revealed  some trends:

1.  Patterns o methylation  are establ ished  during embryo 

development and  the  percentage o C-G  sites that are 

methylated  reaches a  maximum at birth  in  humans but 

then  decreases during the rest o an  individual s l ie.  
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2. At birth identical  twins  

have a very similar 

pattern o methylation,  

but dierences 

accumulate during their 

l ietimes, presumably  

due to environmental  

dierences. This is 

refected in the 

decreasing similarity  

between identical  twins as they grow older.  

POST-TRANSCRIPTIONAL MODIFICATION  
Eukaryotic cel ls modiy  mRNA ater transcription.  This 

happens beore the mRNA exits the nucleus.  In  many  

eukaryote genes the coding sequence is interrupted  by  one or 

more non-coding sequences.  These  introns  are  removed  rom 

mRNA beore it is translated.  The remaining parts o the mRNA 

are exons.  They  are spl iced  together to  orm mature mRNA. 

Some genes have many  exons and  dierent combinations o 

them can  be spl iced  together to  produce dierent proteins.  

This increases the  total  number o proteins an  organism can  

produce rom its genes.

DNA

mRNA
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mRNA
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introns

transcription

translation
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Ribosomes and transer RNA

TRANSFER RNA 
Al l  transer RNA molecules have:

  double-stranded  sections with  base pairing

  a  triplet o bases cal led  the  anticodon ,  in  a  loop o seven  

bases,  plus two other loops

  the base sequence CCA at the 3 ' terminal ,  which  orms a  

site  or attaching an  amino acid.

These eatures al low al l  tRNA molecules to  bind  to  three sites 

on  the ribosome  the A,  P and  E sites.

3 

A
C

C

site  for attaching

an  amino acid

loop of seven

nucleotides

extra  loop

anticodon  loop

anticodon

double-stranded  sections

l inked  by  base pairing

loop of eight

nucleotides

5

The base sequence o tRNA molecules varies and  this 

causes some variable  eatures in  its structure.  These give 

each  type o tRNA a  d istinctive three-dimensional  shape 

and  d istinctive  chemical  properties.  This al lows the correct 

amino acid  to  be attached  to  the 3 ' terminal  by  an  enzyme 

cal led  a  tRNA activating enzyme. There are twenty  d ierent 

tRNA activating enzymes  one or each  o the twenty  

dierent amino acids.  Each  o these enzymes attaches one 

particular amino acid  to  al l  o the tRNA molecules that have 

an  anticodon  corresponding to  that amino acid.  The tRNA 

activating enzymes recognize these tRNA molecules by  their 

shape and  chemical  properties.  This is an excel lent example 

o enzymesubstrate specifcity .  

Energy  rom ATP is needed  or the  attachment o amino acids 

to  tRNA. ATP and  the appropriate amino acid  and  tRNA bind  to  

the active site  o the activating enzyme. A pair o phosphates 

is released  rom ATP and  the remaining AMP bonds to  the 

amino acid,  raising its energy  level .  This energy  al lows the  

amino acid  to  bond  to  

the tRNA.  The energy  

rom ATP later al lows the 

amino acid  to  be l inked  to  

the growing polypeptide 

chain  during translation.

Images o tRNA molecules 

made using molecular 

visualization sotware 

can be obtained rom the 

Protein  Data Bank and  

viewed with JMol.  

The image (above)  shows a  space-fl l ing model  o a  tRNA 

or the amino acid  phenylalanine.  The position  o the  amino 

acid  is indicated  by  the arrow and  the anticodon by  the  three 

letters near the base.  

RIBOSOMES
Ribosomes have a  complex structure,  with  these eatures.

  Proteins and  ribosomal  RNA molecules (rRNA)  both  orm 

part o the structure.

  There are two sub-units,  one large and  one smal l .

  There is a  binding site  or mRNA on  the  smal l  sub-unit.

  There are three binding sites or tRNA on  the  large 

sub-unit:  

  A site  or tRNA bringing in  an  amino acid

  P site  or the tRNA carrying the growing polypeptide

  E site  or the tRNA about to  exit the  ribosome. 

The structure  o a  ribosome is shown in  outl ine (below) .  

large

sub-unit

polypeptide

channel

smal l

sub-unit

5 

3 

growing polypeptide

binding sites

for tRNA

E
P A

Much more accurate images o ribosome structure can  be 

made using molecular visual ization  sotware.  The image 

below is rom the Protein  Data  Bank.  This site  al lows a  variety  

o three-dimensional  coloured  images o ribosomes to  be 

produced  and  viewed  rom any  angle.  

In  the  cytoplasm there  are  ree ribosomes  that synthesize 

proteins primarily  or use within  the cel l .  There are also 

ribosomes attached  to  membranes o the endoplasmic 

reticulum. They  are  cal led  bound ribosomes  and  synthesize 

proteins or secretion  rom the cel l  or or use in  lysosomes.

phenyla lanine

tRNA

A
A
G
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Translation 

IN ITIATION  OF TRANSLATION
A sequence o events occurs once,  to  start the process o 

translation:

1 .  The smal l  sub-unit o the ribosome binds to  mRNA 

with  the start codon in  a  specifc position  on  the mRNA 

binding site  o the smal l  sub-unit.  

2.  A tRNA with  an  anticodon complementary  to  the start 

codon  binds.  The start codon is usual ly  AUG,  so  a  tRNA 

with  the anticodon  UAC binds.  This tRNA carries the 

amino acid  methionine.

E A

initiator

tRNA in  the

P site

5 
3 

Met

large ribosomal

sub-unit

smal l  ribosomal

sub-unit

5 
3 

mRNA binding

site

start  codon

initiator tRNA
5 

5 3 

3 

U

U G

A

A

C

Met

3. The large sub-unit o the ribosome binds to  the smal l  unit.  

The mRNA is positioned  so that the initiator tRNA carrying 

methionine is in  the P site.  The E and  A sites are vacant.

4.  A tRNA with  an  anticodon complementary  to  the codon 

adjacent to  the start codon binds to  the A site.  

5.  A peptide bond  orms between the amino acids held  by  

the tRNAs in  the P and  A sites.

E A

peptide bond  

forming

E

5 

3 

ELONGATION
The elongation  o polypeptides involves a  repeated  cycle   

o events.  

1 .  The  ribosome moves three bases on  along the  mRNA 

towards the 3 ' end.  This moves the tRNA in  the  P site  to  

the  E site  and  the tRNA carrying the growing polypeptide 

rom the A to  the  P site,  so  the  A site  becomes vacant.

2.  The tRNA in  the E site  detaches and  moves away  so  this 

site  is a lso vacant.  

3 .  A tRNA with  an  anticodon  complementary  to  the next 

codon on  the mRNA binds to  the A site.  

4.  The growing polypeptide that is attached  to  the tRNA in  

the  P site  is l inked  to  the amino acid  on  the  tRNA in  the A 

site  by  the ormation  o a  peptide bond.  

E

1

E A
2E

4

5

3
E A

3

TERMINATION  OF TRANSLATION  
1.  The ribosome moves along the mRNA in  a  5 ' to  3 ' d irection,  

translating each codon into  an  amino acid  on  the 

elongating polypeptide,  unti l  i t reaches a  stop codon.  

2.  No tRNA molecule has the complementary  anticodon  

and  instead  release actors bind  to  the A site,  causing the 

release o the polypeptide rom the tRNA in  the P site.  

3 .  The tRNA detaches rom the P site,  the  mRNA detaches 

rom the smal l  sub-unit,  and  the large and  smal l  sub-units 

o the  ribosome separate.

5 

3 

stop codon

(UAG,  UAA,  or UGA)

5 

3 

free polypeptide

E A P EA
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Primary and secondary  structure of proteins

PRIMARY STRUCTURE
Protein  structure  is complex and  is most 

easily  understood  by  thinking about it 

in  terms o our levels o structure,  rom 

primary  to  quaternary.  

A molecule o protein  contains one or 

more polypeptides.  

A polypeptide  is  an  unbranched  chain  o 

amino acids,  l inked  by  peptide bonds.  

Primary structure  is the number and  

sequence of amino acids  in a polypeptide.  

Most polypeptides consist o between 50 and 1,000 amino acids. The primary structure  

is determined by  the base sequence o the gene that codes or the polypeptide.  

An  example o primary structure is given below: beta-endorphin, a  protein consisting  

o a  single polypeptide o 31  amino acids that acts as a  neurotransmitter in  the brain.

SECONDARY STRUCTURE
Polypeptides have a main chain consisting o a repeating sequence o covalently bonded carbon and nitrogen atoms: N   C  C  N   C   

C and so on.  Each nitrogen atom has a  hydrogen atom bonded to it (  NH ) .  Every  second carbon atom has an oxygen atom bonded  

to it (  C=O ) .  This can be seen in  the molecular diagram o beta-endorphin  (below) .  Individual  carbon atoms are not shown but occur 

at each point where l ines indicating bonds meet. (The chain is shown olded so it fts across the page.)
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Hydrogen bonds can orm between the N  H  and C =  O  groups 

in a polypeptide i they are brought close together. For example,  

i sections o polypeptide run parallel, hydrogen bonds can orm 

between them. The structure that develops is called a beta-pleated 

sheet. I the polypeptide is wound into a right-handed helix,  

hydrogen bonds can orm between adjacent turns o the helix.  

The structure that develops is called an alpha helix. Because the 

groups orming hydrogen bonds are regularly spaced, alpha helices 

and beta-pleated sheets always have the same dimensions. The 

ormation o alpha helices and beta-pleated sheets stabilized by  

hydrogen bonding is the secondary structure  o a polypeptide.

The diagrams let and  below show the structure o an  -hel ix,  a  

-pleated  sheet and  also  the  position  o secondary  structures 

in  lysozyme,  using the  ribbon model .  Sections o -hel ix are  

represented  by  hel ical  ribbons and  sections o -pleated  

sheet by  arrows.
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Tertiary  and quaternary  structure of proteins

TERTIARY STRUCTURE
Tertiary  structure  is  the  three-d imensional  conormation  

o a  polypeptide.  I t  is  ormed  when  a  polypeptide  olds up  

ater being produced  by  translation.  The  conormation  is 

stabi l ized  by  intramolecular bonds and  interactions that 

orm between  amino  acids in  the  polypeptide,  especia l ly  

between  their R  groups.  I ntramolecular bonds are  oten  

ormed  between  amino  acids that are  widely  separated  

in  the  primary  structure  but which  are  brought together 

during the  old ing process.  I n  water-soluble  proteins non-

polar amino  acids are  oten  in  the  centre,  with  hydrophobic 

interactions between  them.  Polar amino  acids are  on  the 

surace  where  they  bond  to  each  other and  come into 

contact with  water.  The  fgure  below shows the  tertiary  

structure  o lysozyme using the  sausage  model .

QUATERNARY STRUCTURE
Quaternary  structure  is  the  l inking o two  or more 

polypeptides to  orm a  single  protein .  For example,  insul in  

consists o two  polypeptides l inked  together,  col lagen 

consists o three  and  hemoglobin  consists o our.  The 

same types o intramolecular bonding are  used  as in  

tertiary  structure,  including ionic bonds,  hydrogen  bonds,  

hydrophobic interactions and  d isulphide  bridges.  I n  some 

cases proteins a lso  contain  a  non-polypeptide  structure 

cal led  a  prosthetic group.  For example,  each  polypeptide 

in  hemoglobin  is  l inked  to  a  heme group,  which  is  not 

made o amino  acids.  Proteins with  a  prosthetic group  are  

cal led  conjugated  proteins.  The  fgure  below shows the 

quaternary  structure  o hemoglobin.  

beta

chain

beta

chain

alpha

chain

heme

group

alpha

chain

INTRAMOLECULAR BONDING IN  TERTIARY AND QUATERNARY STRUCTURE
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Ionic bonds can  form between  positively

and  negatively  charged  R groups

Basic amino acids

have R groups that

can  accept  an  H+ 

ion  and  so  become

positively  charged

Hydrophobic interactions ,  which  are

weak bonds,  can  form between  R

groups that  are  non-polar including

al l  those projecting inwards here

Hydrogen  bonds can  form

between  some R groups

Disulphide bridges,

which  are strong

covalent  bonds,

can  form between

pairs of cysteines

Acidic amino acids have R groups that  can  lose

an  H+ ion  and  so  become negatively  charged
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Questions  nucleic acids

1.  To  where do DNA polymerases start adding nucleotides 

during repl ication?

A.  3 ' end  o an  RNA primer C.  3  end  o a  DNA primer

B.  5 ' end  o an  RNA primer  D.  5  end  o a  DNA primer

2.  Which  enzymes uncoil  DNA during repl ication?

A.  hel icase and  gyrase C.  primase and  l igase

B.  gyrase and  primase D.  l igase and  hel icase

3.  What are the unctions o nucleosomes?

I  regulating transcription  

I I  making ribosomes 

I I I  supercoil ing DNA

A. I  and  I I  only  C.  I  and  I I I  only

B.  I I  and  I I I  only  D.  I ,  I I  and  I I I

4.  What protein  structure includes prosthetic groups?

A. primary  B.  secondary  

C.  tertiary  D.  quaternary

5.  E.  coli  were inected  with  T4 viruses and  then  started  

repl icating T4 DNA.  Radioactively  label led  DNA nucleotides 

were given  or between 2  and  120  seconds.  DNA was 

extracted,  spl it into  single  strands and  separated  by  

centriugation  according to  the length  o the strands.  The 

shorter the strand  o DNA,  the  closer i t was to  the top o the  

centriuge tube.  The graph  shows amounts o DNA at each  

level  in  the tube measured  by  the  radioactivity.  
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a)  (i)   State whether the DNA strands at 0.5  cm rom  

the top o the tube were short or long.  [1]

(i i)  Suggest reasons or short strands o DNA even   

with  increases in  repl ication  time.   [2]

(i i i )  Deduce the name or these strands o DNA.  [1]

b)  ( i)  Distinguish  between  the 60  s and  120 s results.  [3]

(i i)  Explain  the d iferences between these results by   

the activity  o DNA polymerases and  l igase.  [3]

6.  The d iagram below represents the structure o a  

methyltranserase enzyme in  a  ribbon/surace model .  The  

enzymes two substrates,  DNA and  the amino acid  cysteine,  

are shown bound  to  the active site.

Y

X

DNA

cysteine

a)  State the name o the shape o this type o protein.  [1]

b)  State what the primary  structure o a  protein  is.  [1]

c)  In  the  regions label led  X and  Y two diferent types o 

secondary  structure are ound.

(i)  Identiy  each  type o secondary  structure.  [2]  

( i i)  State  the  type o bonding that is used  to  stabil ize  

these structures.  [1]

d)  Explain  the importance o the tertiary  structure o this 

protein  to  its unction.  [2]

e)  This enzyme removes methyl  groups that have become 

attached  to  guanine in  DNA and  transers them to  

cysteine.  This type o DNA repair prevents mismatches 

o bases during DNA repl ication.  Explain  the  harm 

caused  by  incorrect pairing o bases in  repl ication.  [2]

)  Outl ine efects o cytosine methylation  in  DNA.  [3]

7.  Models o two tRNA molecules are shown below.

phenylalanine

tRNA

A
A

G

aspartate

tRNA

C

U

G

a)  Identiy  with  reasons the  parts o tRNA label led  with  

(i)  a  series o three letters.  [3]  

( i i )  an  arrow. [2]

b)  Outl ine the relationship between tRNA,  translation   

and  transcription.  [2]  

c)  Explain  the  importance o the  both  d iferences  

and  similarities between structure  o the  

two tRNA molecules.  [3]
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Enzymes and activation energy

ENERGY CHANGES IN  CHEMICAL REACTIONS
During chemical  reactions,  reactants are converted  into  

products.  Beore a  molecule o the reactant can  take part in  

the reaction,  it has to  gain  some energy.  This is cal led  the 

activation  energy  o the reaction.  The energy  is needed  to  

break bonds within  the reactant.  

Later during the  progress o the reaction,  energy  is given  

out as new bonds are made.  Most biological  reactions 

are exothermic  the energy  released  is greater than  the  

activation  energy.

Enzymes reduce the  activation  energy  o the reactions that 

they  catalyse and  thereore make it easier or these reactions 

to  occur.  The graph (right)  shows energy  changes during 

uncatalysed  and  catalysed  exothermic reactions.

The chemical  environment provided  by  the active site  or the 

substrate causes changes within  the substrate molecule,  

which  weakens its bonds.  The substrate is changed  into  a  

transition  state,  which  is d iferent rom the transition  state 

during the reaction  when  an  enzyme is not involved.  The 

transition  state achieved  during binding to  the active site  has 

less energy,  and  this is how enzymes are able  to  reduce the 

activation  energy  o reactions.

Net  energy  

released  by

the reaction  is  

not  changed

by  the  enzyme
Progress of reaction

E
n
e
rg
y

Activation  energy

with  enzyme

Activation

energy

with  no

enzyme

substrate

product

CALCULATING RATES OF REACTION
The rate o a reaction catalysed by an enzyme can be assessed by measuring the quantity o substrate used per unit time or the quantity  

o a product ormed per unit time. These quantities can be measured as a mass or volume. The SI  unit o time or rates is per second (s- 1) .  

Example

Slices o potato were added  to  50cm3  o hydrogen peroxide.  The mass o the  mixture  was measured  every  two minutes.  The 

catalase in  the potato tissue catalysed  the conversion  o hydrogen  peroxide to  water plus oxygen.  The oxygen was given  of 

rom the mixture,  so  the  mass o the mixture decreased.  The tables below show the raw results.  The mass decreases were 

calculated  by  subtracting each mass rom the previous one and  the  rate o mass decrease per second  was calculated  by  

dividing the decreases by  the time periods in  seconds (120 seconds) .

Time ater potato 

added  (min)
0 2 4 6 8 10 12

Mass o mixture  (g) 54.49 54.31 54.16 54.03 53.92 53.83 53.75

Time interval  (min) 02 24 46 68 810 1012

Mass decrease (g) 0.18 0.15 0.13 0,11 0.09 0.08

Mass decrease (mg) 180 150 130 110 90 80

Rate o mass decrease (mg s- 1 ) 1 .50 1.25 1.08 0.92 0.075 0.067

The graph  (right)  shows the  rate o mass decrease over time.
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As the substrate  
binds,  the conformation  
of the protein  is  a ltered  
and  the  shape of the  
active site  becomes 
complementary
to  that  of the 
substrate

Weakening of bonds 
in  the  substrate  helps 
the reaction  to  occur,
converting i t  into
the products.  These 
d issociate  from the 
active site  and  the 
enzyme returns to  i ts  
original  conformation

products
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Enzyme inhibition

COMPETITIVE AND NON-COMPETITIVE INHIBITORS
Enzyme inhibitors  are  chemical  substances that reduce  the  activity  o enzymes or even  prevent i t  completely .  There  are  two 

main  types,  competitive  and  non-competitive.

Competitive inhibition

  The substrate  and  inhibitor are chemical ly  very  similar.

  The inhibitor binds to  the active site  o the enzyme.

  While  the inhibitor occupies the  active  site,  i t prevents the 

substrate  rom binding and  so the activity  o the enzyme is 

prevented  unti l  the inhibitor d issociates.

Substrate Inhibitor

Enzyme

Active

site

Substrate

cannot

bind

Inhibitor

bound  to

active  site

The activity  o an  enzyme is reduced  i a  fxed  low 

concentration  o a  competitive  inhibitor is added,  but as 

the substrate concentration  rises,  the  eect o the inhibitor 

becomes less and  less until  eventual ly  i t is  negl igible.

Explanation

The inhibitor and  substrate compete or the active site. When 

the substrate binds to the active site,  the inhibitor cannot bind  

and  vice versa. As the substrate concentration rises,  a  substrate 

rather than an  inhibitor molecule is increasingly  l ikely  to bind  to  

a  vacant active site.  At very  high substrate concentrations and  

low inhibitor concentrations, the substrate almost always wins 

the competition and  binds to the active site so enzyme activity  

rate is nearly  as high as when there is no inhibitor.

Substrate  concentration
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with  no
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Example of competitive inhibition

Succinate

COO

CH2

Succinate  dehydrogenase

is  inhibited  by  malonate

CH2

COO

Fumarate

COO

CH

CH

COO

Succinate

dehydrogenase

COO

CH2

COO

Malonate

Non-competitive inhibition

  The substrate  and  are not similar.

  The inhibitor binds to  the enzyme at a  d ierent site  rom 

the active  site.

  The inhibitor changes the  conormation  o the enzyme. The 

substrate  may  sti l l  be  able  to  bind,  but the active site  does 

not catalyse the reaction,  or catalyses it at a  slower rate.

With  no  inhibitor

the substrate  is

converted  to  product

at  the active site

Inhibitor bound  to  the

enzyme away from 

the  active  site
Substrate binds 

but  is  not  converted

to  product

Active site  is

a ltered

The activity  o the enzyme is reduced  at a l l  substrate 

concentrations i a  fxed  low concentration  o non-competitive  

inhibitor is added  and  the percentage reduction  is the same at 

a l l  substrate concentrations.

Explanation

The substrate and inhibitor are not competing or the same site,  

because the inhibitor binds somewhere on the enzyme other 

than the active site. The substrate cannot prevent the binding 

o the inhibitor, even at very high substrate concentrations. The 

same proportion o enzyme molecules is inhibited at all  substrate 

concentrations. Even at very high substrate concentrations the 

enzyme activity  rate is lower than when there is no inhibitor.
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Example of non-competitive inhibition

arginine      n itric oxide +  citrul l ine

 nitric oxide synthase   (NO)
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METABOLIC PATHWAYS
Metabol ic pathways have these eatures:

  An enzyme catalyses each  reaction  in  the pathway.

  All  the reactions occur inside cel ls.

  Some pathways build  up organic compounds (anabolic  

pathways)  and some break them down (catabolic  pathways) .

  Some metabolic pathways consist o chains  o reactions.  

Glycolysis is an example o a  chain o reactions  a chain o ten  

enzyme-controlled reactions converts glucose into pyruvate.

  Some metabol ic pathways consist o cycles  o reactions,  

where a  substrate o the cycle  is continual ly  regenerated  

by  the cycle.  The Krebs cycle  is an  example.

The fgure (right)  shows the general  pattern  o reactions in  a  

chain  and  a  cycle.

in itia l

substrate

intermediate

intermediate

intermediate

intermediate

end  product

intermediate

intermediate

intermediate

end  product/substrate  I I

intermediate

intermediate

substrate  I

product

FINDING NEW ANTI -MALARIAL DRUGS
The malarial  parasite (Plasmodium)  has evolved  resistance 

to most anti-malarial  drugs so there is an urgent need  or new 

drugs. The search is made easier by  the huge bioinormatics 

databases that are held  on computers. In  a  recent study 5,655 

chemicals that might act as an enzyme inhibitor in  Plasmodium  

were identifed rom a  database o low molecular weight 

compounds. These were tested with nine Plasmodium  enzymes 

identifed rom a  database o metabolic pathways in  the 

parasite. Inhibitors were ound or six o the nine enzymes and  

these are now being researched as potential  anti-malarial  drugs.  

Controlling metabolic pathways

END-PRODUCT INHIBITION
In many metabolic pathways, the product o the last reaction  

in  the pathway inhibits the enzyme that catalyses the frst 

reaction. This is called  end-product inhibition .  The enzyme that 

is inhibited  by  the end products is an example o an al losteric 

enzyme. Allosteric enzymes have two non-overlapping binding 

sites. One o these is the active site. The other is the al losteric 

site. With end-product inhibition the al losteric site is a  binding 

site or the end product. When it binds, the structure o the  

enzyme is altered so that the substrate is less l ikely  to bind  to  

the active site. This is how the end product acts as an inhibitor.  

Binding o the inhibitor is reversible and i it detaches, the  

enzyme returns to its original  conormation, so the active site  

can bind  the substrate easily  again (right) .  The advantage o 

this method o controll ing metabolic pathways is that i there is 

an excess o the end product the whole pathway is switched o 

and intermediates do not build  up. Conversely, as the level  o the 

end product alls,  more and more o the enzymes that catalyse 

the frst reaction wil l  start to work and the whole pathway wil l  

become activated. End-product inhibition is an example o 

negative eedback. The inhibition o threonine dehydratase  by  

isoleucine  is an example o end-product inhibition.  

Substrate binds

to the  active site

and  is  converted

to the  product.

Substrate  could

bind  to  the  active

site  as the  a l losteric

site  is  empty.

Substrate is  not  l ikely

to  bind  to  the  active

site  as the  inhibitor

has bound  to  the

al losteric site.

pathway  is  converted  by  the pathway  into  an

inhibitor of the  enzyme.
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isoleucine  is  the  end  product  of the pathway  and  inhibits  threonine

O
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Glycolysis

INTRODUCING GLYCOLYSIS
  Cel l  respiration  involves the  production  o ATP using 

energy  released  by  the oxidation  o glucose,  at or other 

substrates.

  I  glucose is the substrate,  the  frst stage o cel l  

respiration  is a  metabol ic pathway  cal led  glycolysis.  

  The pathway  is catalysed  by  enzymes in  the  cytoplasm .

  Glucose is partial ly  oxidized  in  the pathway  and  a  smal l  

amount o ATP is produced.  

  This partial  oxidation  is achieved  without the use o 

oxygen,  so  glycolysis can  orm part o both  aerobic and  

anaerobic respiration.

PHOSPHORYLATION
In some metabol ic reactions a  phosphate group (PO43- )  is  

added  to  an  organic molecule.  This is cal led  phosphorylation .

The eect o phosphorylation  is  to  make the organic 

molecule less stable  and  thereore more l ikely  to  react in  the 

next stage in  a  metabol ic pathway.  Phosphorylation  can turn  

an  endothermic reaction  that wil l  only  occur at a  very  slow 

rate into  an  exothermic reaction  that can  proceed  rapidly.

The phosphate group is usual ly  transerred  rom ATP.

Example:

glucose +  ATP  glucose 6-phosphate +  ADP

OXIDATION  AND REDUCTION
Cell  respiration involves many oxidation and reduction  

reactions. These reactions are the reverse o each other and  

can occur in  dierent ways:

Oxidation reactions Reduction reactions

Addition o oxygen Removal  o oxygen 

atoms to a  substance. atoms rom a  substance.

Removal  o hydrogen Addition o hydrogen 

atoms rom a  substance. atoms to a  substance.

Loss o electrons rom Addition o electrons 

a  substance. to a  substance.

In  respiration, the oxidation o substrates is carried out by  

removing pairs o hydrogen atoms. Each hydrogen atom has 

one electron, so this method o oxidation is the removal  o both  

hydrogen atoms and at the same time electrons. The hydrogen 

is accepted by a  hydrogen carrier which is thereore reduced.  

The most commonly  used hydrogen carrier is NAD 

(nicotinamide adenine dinucleotide) .

NAD +  2H     reduced NAD

An alternative orm o notation is sometimes used or NAD and  

the equation is then dierent:

NAD+  +  2H     NADH +  H+

STAGES IN  GLYCOLYSIS
There are our main  stages in  glycolysis.

1 .  Two phosphate groups are added  to  a  molecule  

o glucose to  orm hexose biphosphate.  Adding a  

phosphate group is cal led  phosphorylation .  Two 

molecules o ATP provide the phosphate groups.  The 

energy  level  o the hexose is raised  by  phosphorylation,  

so  it is less stable  and  the subsequent reactions are 

possible.

2.  The hexose biphosphate is spl it to  orm two molecules o 

triose phosphate.  Spl itting molecules is cal led  lysis.

3 .  Two atoms o hydrogen are removed  rom each triose 

phosphate molecule.  This is an  oxidation.  The energy  

released  by  the oxidation  o each  triose phosphate 

molecule is used  to  convert two ADP molecules to  ATP.  

The end  product o glycolysis is pyruvate.  

The fgure (below)  shows the main stages o glycolysis.

Phosphorylation

Lysis

Oxidation

ATP formation  

hexose

(glucose)

hexose

biphosphate

2  triose
phosphate  molecules

2  pyruvate

molecules

2  ATP

2  ADP

2  NAD

2  reduced  NAD

4 ADP

4 ATP

Summary of glycolysis:

  One glucose is converted  into  two pyruvates.

  Two ATP molecules are used  per glucose but our are 

produced  so there is a  net y ield  o two ATP molecules.  

This is a  small  yield  of ATP per glucose,  but  it  can be 

achieved without the use of any oxygen.  

  Two NADs are converted  into  two reduced  NADs.
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ANAEROBIC AND AEROBIC RESPIRATION
Glycolysis can  occur without oxygen,  so  it orms the basis o 

anaerobic cel l  respiration.  Pyruvate produced  in  glycolysis 

can  only  be oxidized  urther with  the release o more energy  

rom it i oxygen is avai lable  (right) .  This occurs in  the 

mitochondrion.  The frst stage is cal led  the l ink reaction .  

Enzymes in  the  matrix o the  mitochondrion  then  catalyse a  

cycle  o reactions cal led  the Krebs cycle.

glucose

pyruvate ethanol  +  CO
2  
( yeast)  

or lactate  ( humans)oxygen  

avai lable

glycolysis

no oxygen

CO
2
 and  H

2
O

THE LINK REACTION
Pyruvate rom glycolysis is absorbed  by  the mitochondrion.  

Enzymes in  the  matrix o the  mitochondrion  remove hydrogen 

and  carbon  dioxide rom the pyruvate.  The hydrogen is 

accepted  by  NAD.  Removal  o hydrogen is oxidation.  Removal  

o carbon  dioxide is decarboxylation.  The whole conversion  is 

thereore oxidative decarboxylation .  The product o oxidative 

decarboxylation  o pyruvate is an  acetyl  group,  which  is 

attached  to  coenzyme A to  orm acetyl  coenzyme A (right) .

pyruvate acetyl  CoA

reduced  NADNAD

CO
2

CoA

OXIDATIONS AND DECARBOXYLATIONS
In the summary  o respiration  below 3  decarboxylation and  6 oxidation reactions 

can be identifed:  

triose

phosphate

pyruvate

NAD

reduced  NAD2ATP

ATP

CO2

NAD

reduced  NAD

NAD

NAD

NAD

FAD

reduced  NAD

reduced  NAD

reduced  NAD

reduced  FAD

CO2

CO2

acetyl

coenzyme A
coenzyme A

2ADP + Pi

ADP + Pi

THE KREBS CYCLE
Acetyl  groups rom the l ink reaction  

are ed  into  the Krebs cycle.  In  the frst 

reaction  o the  cycle  an  acetyl  group 

is transerred  rom acetyl  CoA to  a  

our-carbon compound  (oxaloacetate)  

to  orm a  six-carbon  compound  

(citrate) .  Citrate is converted  back into  

oxaloacetate in  the other reactions o 

the cycle.  

Three types o reaction  are  involved.

  Carbon  dioxide is removed  in  two 

o the  reactions.  These reactions 

are decarboxylations.  The carbon  

dioxide is a  waste  product and  is 

excreted  together with  the  carbon 

dioxide rom the l ink reaction.

  Hydrogen is removed  in  our o 

the reactions.  These reactions 

are oxidations.  The  hydrogen is 

accepted  by  hydrogen carriers,  

which  become reduced.  In  three 

o the  oxidations the hydrogen 

is accepted  by  NAD.  In  the  other 

oxidation  FAD accepts it.  These 

oxidation  reactions release 

energy,  much o which  is stored  

by  the carriers when they  accept 

hydrogen.  This energy  is later 

released  by  the electron  transport 

chain  and  used  to  make ATP.

  ATP is produced  directly  in  one 

o the  reactions.  This reaction  is 

substrate-level  phosphorylation .

The fgure (right)  includes a  summary  

o the Krebs cycle.

Krebs cycle
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ATP production  by  oxidative phosphorylation

CHEMIOSMOSIS IN  THE MITOCHONDRION

FAD
NAD

reduced

FAD

reduced

NAD

ATP synthase

matrix

matrix

inter-

membrane

space

inner

mitochondrial

membrane

H
2
0

H
+

H
+

H
+

H
+

H
+

H
+

H
+

H
+

2e
-

2e
-

2e
-

2e
-

2e
-

0
2
 +  2H

+1

2

ADP +  P
i

ATP

Energy  released  as electrons pass along the electron  transport chain  is used  to  pump protons (H+ )  across the inner 

mitochondrial  membrane into  the space between the inner and  outer membranes,  including the  space inside  the  cristae.  A 

concentration  gradient is ormed,  which  is a  store o potential  energy.

ATP synthase,  a lso located  in  the inner mitochondrial  membrane,  al lows the  protons to  d iuse back across the  membrane to  the  

matrix.  ATP synthase uses the energy  that the protons release as they  d iuse down the concentration  gradient to  produce ATP.  

The generation  o ATP using energy  released  by  the movement o hydrogen ions across a  membrane is cal led  chemiosmosis.

Although this theory  was proposed  by  Peter Mitchel l  in  the 1960s it was not widely  accepted  until  much  later.  The theory  

represented  a  paradigm shift  in  the  eld  o bioenergetics and,  as so oten  in  science,  it takes time or other scientists working in  

a  eld  to  accept paradigm shits,  even  when  there  is strong evidence.

THE ELECTRON  TRANSPORT CHAIN
The electron transport chain  is a  series o electron carriers,  

located in  the inner membrane o the mitochondrion including 

the cristae.

Reduced NAD supplies two electrons to the rst carrier in  the 

chain.  The electrons come rom oxidation reactions in  earl ier 

stages o cell  respiration and bring energy released by  these 

oxidations.  

As the electrons pass along the chain  rom one carrier to the 

next they  give up energy. Some o the electron carriers act 

as proton pumps and use this energy  to pump protons (H+ )  

against the concentration gradient rom the matrix o the 

mitochondrion to the intermembrane space.  

Reduced FAD also eeds electrons in  to  the electron transport 

chain,  but at a  sl ightly  later stage than reduced NAD. Whereas 

the electrons rom reduced NAD cause proton pumping at 

three stages in  the electron transport chain, the electrons 

rom reduced FAD cause proton pumping at only  two stages.

THE ROLE OF OXYGEN
At the  end  o the electron  transport chain  the electrons 

are given  to  oxygen.  This happens in  the matrix,  on  the 

surace o the inner membrane.  At the same time oxygen 

accepts ree protons to  orm water.  The use o protons in  this 

reaction  contributes to  the proton  gradient across the inner 

mitochondrial  membrane.

The use o oxygen as the terminal  electron  acceptor at the  

end  o the electron  transport chain  is the only  stage where 

oxygen  is used  in  cel l  respiration.

I oxygen  is not available,  electron  fow along the electron  

transport chain  stops and  reduced  NAD cannot be converted  

back to  NAD.  Suppl ies o NAD in  the mitochondrion  run  out 

and  the l ink reaction  and  Krebs cycle  cannot continue.  The 

only  part o cel l  respiration  that can  continue is glycolysis,  

with  a  relatively  smal l  y ield  o ATP.  Oxygen thus greatly  

increases the ATP yield,  per glucose,  o cel l  respiration.
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Mitochondria

STRUCTURE AND FUNCTION  OF 

THE MITOCHONDRION
One o the recurring themes in  biology  is that 

structure and  function  are  closely  related  in  

l iving organisms. This is known as adaptation  

and  is the result o evolution  by  natural  

selection .  

The fgure (right)  is an  electron  micrograph o 

a  whole  mitochondrion.  The fgure (below)  is a  

drawing o the same mitochondrion,  label led  to  

show how it is  adapted  to  carry  out its unction.

0.5  m

70S ribosomes and  a

naked  loop of DNA  are

present  in  the  matrix.  

Matrix

Fluid  inside the  mitochondrion

containing enzymes for the Krebs

cycle  and  the  l ink reaction.

Space between  inner and

outer membranes

Protons are  pumped  into

this  space by  the  electron

transport  chain.  Because

the space is  very  smal l ,  a

high  proton  concentration  

can  easily  be formed  in

chemiosmosis.

Cristae

Tubular or shelf-l ike projections of

the inner membrane which

increase the  surface area  avai lable

for oxidative phosphorylation.

Outer mitochondrial  membrane

Separates the contents of the mitochondrion  from

the rest  of the  cel l ,  creating a  compartment  with

ideal  conditions for aerobic respiration.

Inner mitochondrial  membrane

Contains electron  transport  chains

and  ATP synthase,  which  carry  out  

oxidative  phosphorylation.

12  m 

ELECTRON  TOMOGRAPHY OF MITOCHONDRIA
The technique o electron tomography was developed  

relatively  recently. I t can be used to obtain three-dimensional  

images o active mitochondria. The image (right)  shows a  

conventional  thin  section electron micrograph with  an image 

o cristae superimposed that was produced by  electron  

tomography. Electron tomography has revealed that cristae 

are connected with  the intermembrane space between the 

inner and outer membranes via  narrow openings (shown 

with  arrows) .  The shape and volume o the cristae change 

when a  mitochondrion is active in  ways that are stil l  being 

investigated.
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Light-dependent reactions of photosynthesis

LIGHT ABSORPTION
Pigments such  as chlorophyl l  absorb  certain  wavelengths 

o l ight because  they  cause  an  electron  in  the  pigment 

molecule  to  be  ra ised  to  a  h igher energy  level .  The  l ight 

energy  is  converted  to  chemical  energy  held  by  the  excited  

electron.  The  main  photosynthetic pigment is  chlorophyl l .  

Chlorophyl l  molecules in  the  chloroplast are  part o large 

groups o pigment molecules,  ca l led  photosystems ,  

which  work together to  harvest l ight energy.  Any  o the 

pigments in  a  photosystem can  absorb  photons o l ight by  

an  electron  becoming excited .  The  excited  electrons are 

then  passed  rom pigment to  pigment unti l  they  reach  a  

specia l  chlorophyl l  molecule  at the  reaction  centre  o the 

photosystem.  This  chlorophyl l  can  pass pairs o excited  

electrons away  to  electron  acceptors in  the  thylakoid  

membrane.  The  two  types o photosystem,  Photosystems 

I  and  I I ,  are  located  in  d iferent parts  o the  thy lakoid  

membranes.

PHOTOSYSTEM I  AND REDUCTION OF NADP
A pair o excited  electrons is emitted  rom the reaction  centre 

o Photosystem I  and  passes along a  short chain  o electron  

acceptors.  At the end  o this chain  the  electrons are passed  

to  NADP in  the stroma. NADP is converted  to  reduced  NADP 

by  accepting two electrons emitted  by  Photosystem I  plus 

two protons rom the stroma.

The electrons given away  by  Photosystem I  are  replaced  

by  electrons that were emitted  by  Photosystem I I  and  

passed  along the chain  o electron  carriers.  Photosystem 

I  can  then  absorb more photons o l ight to  produce more 

excited  electrons.  

PHOTOSYSTEM  I I  AND ATP PRODUCTION
A pair o excited  electrons rom the  reaction  centre  o 

Photosystem I I  is  passed  to  a  chain  o carriers.  The 

electrons give  up  energy  as they  pass rom  one  carrier to  

the  next.  At one  stage,  enough  energy  is  released  to  pump 

protons across the  thy lakoid  membrane  rom the  stroma 

into  the  space  inside  the  thylakoid .  This  contributes to  a  

proton  gradient.

ATP synthase,  a lso located  in  the thylakoid  membranes,  

a l lows the protons to  difuse back across the membrane to  

the stroma and  uses the energy  that the  protons release as 

they  d ifuse down the concentration  gradient to  produce 

ATP.  The generation  o ATP using energy  released  by  the  

movement o hydrogen  ions across a  membrane is cal led  

chemiosmosis.  Production  o ATP in  chloroplasts is cal led  

photophosphorylation  because the  energy  needed  or i t 

is  obtained  by  absorption  o l ight.  At the end  o the chain  o 

carriers the electrons are  passed  to  Photosystem I .  

PHOTOLYSIS
Photosystem I I  must replace excited  electrons given  

away  by  the chlorophyl l  at its reaction  centre,  beore any  

more photons o l ight can  be absorbed.  With  the help o 

an  enzyme at the reaction  centre,  water molecules in  the 

thylakoid  space are spl it and  electrons rom them are given  

to  the chlorophyl l  at the reaction  centre.  Oxygen and  H+  ions 

are ormed  as by-products.  The spl itting o water molecules 

only  happens in  the l ight so  it is  cal led  photolysis.  

Al l  o the oxygen produced  in  photosynthesis is rom 

photolysis o water.  Oxygen  is a  waste product and  is 

excreted.   H+  contributes to  the proton  gradient.  

LOCATION  OF THE LIGHT-DEPENDENT REACTIONS IN  THE THYLAKOID  MEMBRANES

O2

Photosystem I
stroma

thylakoid

space

Photosystem I I

ADP ATP

NADP2H+ reduced  NADP

H+

H+ H2O
1
2

2H+
2H+

2H+

2e2e

2e

2e

2e

2e

2e

thylakoid  membrane

 exposed  to  the  stroma

thylakoid  membranes 

stacked  inside granum
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Chloroplast structure

ELECTRON  MICROSCOPY AND CHLOROPLAST STRUCTURE
Chloroplasts were discovered  using l ight microscopes.  They  are visible  as smal l  green  blobs.  In  the clearest images darker green 

blobs can  be seen inside chloroplasts.  These were named  grana .  The invention  of electron  microscopes revealed  that grana  

consist of stacks of membrane-bound  structures,  cal led  thylakoids.  Other structures were revealed:  the stroma,  starch  grains,  oi l  

droplets and  an  envelope of two membranes.  The electron  micrograph  below shows these chloroplast structures and  also parts 

of the cel l  wal l ,  plasma membrane,  rER,  ribosomes,  polysomes and  nucleus.  

1  m

STRUCTURE AND FUNCTION  OF THE CHLOROPLAST

granum a  stack of thylakoids 

for absorption  of as many  of 

the  avai lable  photons of 

l ight  as possible

inner

membrane
outer

membrane

chloroplast envelope  creates a  compartment  

in  which  the enzymes and   other components of  

photosynthesis  can  be  concentrated  

l ipid

droplet

starch  grain    for storage 

of carbohydrate  produced  

by  photosynthesis unti l  it  

is  exported  from the chloroplast

thylakoid  membranes  provide a  

large total  surface area  for l ight-absorbing

photosystems;  a lso  provide a  site  for

gradient  and  chemiosmosis

thylakoid  space  with  a  very  

smal l  volume so  a  steep proton  

gradient  bui lds up  after relatively  

few photons of l ight  have been  absorbed

stroma  containing a l l  the  

enzymes of the Ca lvin  cycle  

including very  large quantities 

of rubisco;  naked  DNA and  70S 

ribosomes are a lso present,  

a l lowing synthesis  of some 

proteins inside the chloroplast
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Light-independent reactions of photosynthesis

THE CALVIN  CYCLE
The l ight-independent reactions take place in  the stroma o 

the chloroplast.  

The frst reaction  involves a  fve-carbon sugar,  ribulose 

bisphosphate (RuBP) ,  which  is regenerated  by  the l ight-

independent reactions.  They  thereore orm a  cycle,  cal led  

the Calvin  cycle.  The reactions o the cycle  are summarized  

in  the d iagram below.

The Calvin  cycle  was d iscovered  by  a  team o biochemists 

led  by  the eponymous Melvin  Calvin.  The research  methods 

used  are described  on  the next page.  

There are many  alternative names or the intermediate 

compounds in  the  Calvin  cycle,  several  o which  have the 

initials GP,  so  this abbreviation  GP should  be  avoided.

CARBOXYLATION  OF RuBP
Carbon  dioxide is an  essential  substrate  in  the l ight-

independent reactions.  I t enters the chloroplast by  diusion.  

In  the  stroma o the chloroplast carbon dioxide combines 

with  ribulose bisphosphate  (RuBP) ,  a  fve-carbon sugar,  in  

a  carboxylation  reaction.  The reaction  is catalysed  by  the 

enzyme rubisco.  (The ul l  name o this enzyme is ribulose-

1 ,5-bisphosphate  carboxylase oxygenase,  but it is much  

more convenient to  use the abbreviation! )

The product o the carboxylation  o RuBP is an  unstable  

six-carbon  compound,  which  immediately  spl its to  orm two 

molecules o glycerate 3-phosphate.  This is thereore  the  

frst product o carbon  fxation   the conversion  o carbon  

dioxide into  organic compounds.  

SUMMARY OF THE CALVIN  CYCLE

CO
2

ribulose

bisphosphate

triose

phosphate

glycerate

3-phosphate

2ATP

2ADP +  P

2NADP

2  reduced  NADP

glucose

phosphate

1

6

5

6

of triose phosphate

used  to  produce

glucose phosphate

of triose

phosphate used

to  regenerate

RuBP

ATP

ADP +  P

SYNTHESIS OF CARBOHYDRATE
Glycerate 3-phosphate,  ormed  in  the carbon fxation  

reaction,  is  an  organic acid.  I t is  converted  into  a  

carbohydrate by  a  reduction  reaction.  The hydrogen  needed  

to  carry  this out is suppl ied  by  reduced  NADP.  Energy  is also 

needed  and  is suppl ied  by  ATP.  

Both  NADPH  and  ATP are produced  in  the l ight-dependent 

reactions o photosynthesis.  

The product o the reduction  o glycerate  3-phosphate is a  

three-carbon sugar,  triose phosphate.  

Triose phosphate  can  be  converted  into  a  variety  o other 

carbohydrates.  Glucose phosphate is produced  by  l inking 

together two triose phosphates.  Starch,  the storage orm 

o carbohydrate in  plants,  is  ormed  in  the stroma by  

l inking together many  molecules o glucose phosphate by  

condensation  reactions.

REGENERATION  OF RuBP
For the Calvin  cycle  to  continue,  one RuBP molecule must be  

produced  to  replace each one that is used.  Triose phosphate 

is used  to  regenerate RuBP. Five molecules o triose 

phosphate are converted  by  a  series o reactions into  three 

molecules o RuBP.  This process requires the  use o energy  

in  the orm o ATP.  The reactions can  be summarized  using 

equations where only  the number o carbon atoms in  each  

sugar molecule is shown.

C
3
 +  C

3
    C

6

C
6
 +  C

3
    C

4
 +  C

5

C
4
 +  C

3
    C

7

C
7
 +  C

3
    C

5
 +  C

5

For every  six molecules o triose phosphate ormed  in  the 

l ight-independent reactions,  fve must be converted  to  RuBP.
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Calvins experiments 

IMPROVEMENTS IN  APPARATUS
Calvins discovery  o the mechanism used  to  fx CO

2
 

depended  on  three new experimental  techniques:

1.  Radioactive labelling 

Radioisotopes o elements have the same chemical  

properties as other isotopes o an  element but can  be  

distinguished  by  being radioactive.  They  can  thereore  

be used  to  label  organic compounds in  biochemistry  

experiments.  The radioactive  isotope 1 4C,  d iscovered  in  

1940,  is particularly  suitable.  Sources o 1 4C (also known 

as carbon-14)  were developed,  so  carbon dioxide and  

hydrogen carbonate label led  with  1 4C could  be produced  

and  made available  to  researchers such as Calvin.  

2.  Double-way paper chromatography 

The technique o separating and identiying compounds 

by  paper chromatography was discovered in  1943  and  

double-way chromatography or separating small  organic 

compounds was developed ater this.  A spot o the mixture 

is placed in  one corner o a  large sheet o chromatography  

paper. A frst solvent is run up through the paper to  

separate the mixture partial ly  in  one direction. The paper 

is dried  and  then a  second solvent is run up at 90 to  the  

frst,  spreading the mixture in  a  second dimension. This 

procedure was ideal  or separating and identiying the 

initial  products o carbon fxation.

3.  Autoradiography

Biologists used  X-ray  flm rom the 1940s onwards to fnd  

the location o radioisotopes. When atoms o 1 4C decay  

they  give o radiation,  which  makes a  small  spot in  an  

adjacent X-ray  flm. To fnd  radioisotopes in  a  sheet o 

chromatography paper it is placed  next to  a  sheet o flm 

that is the same size.  The two sheets are kept together 

in  darkness or several  weeks and  the X-ray  flm is then  

developed. Black patches appear in  areas where the 

adjacent chromatography paper contained  radioisotopes.

CALVIN S EXPERIMENT
The fgure below shows the apparatus used  in  the 1950s  

by  Melvin  Calvin  and  Andrew Benson to  discover the   

Calvin  cycle.

l ight

syringe for

injecting H14CO3
-

hot  methanol  to  

ki l l  samples rapid ly

algal  suspension

in  nutrient  mediumsolenoid  control

valve for rapid

sampl ing

CO2  in funnel  for 

adding a lgae

A suspension o Chlorella  was placed  in  a  thin  glass vessel  

(cal led  the lol l ipop vessel)  and  was brightly  i l luminated.  

Chlorella  is  a  unicel lular alga.  The Chlorella  was suppl ied  with  

both  carbon dioxide (CO
2
)  and  hydrogen carbonate (HCO

3

- ) .  

Beore the start o the experiment the carbon  in  both  o these 

carbon  sources was 1 2C,  but at the  start o the experiment 

this was replaced  with 1 4C.  

Calvin  and  his team took samples o the algae at very  short 

time intervals and  immediately  ki l led  and  fxed  them with  

hot methanol .  They  extracted  the carbon compounds,  

separated  them by  double-way  paper chromatography  and  

then  ound  which  carbon compounds in  the algae contained  

radioactive  1 4C by  autoradiography.  The results are shown 

below. The amount o radioactivity  o each  carbon compound  

is shown in  the graph as a  percentage o the total  amount o 

radioactivity.

CALVIN S  RESULTS
The autoradiogram or samples o Chlorella  exposed to radioactive carbon 

dioxide and hydrogen or 5 seconds (above right)  shows that there 

was more labelled glycerate 3-phosphate than any other compound,  

indicating that it is the frst product o carbon fxation. The autoradiogram 

or 30 seconds (below right)  shows that by then many carbon compounds 

were labelled. The amount o radioactivity in the dierent compounds was 

measured. Changes in the amounts are shown in the graph below. Again  

there is evidence or glycerate 3-phosphate as the frst product with triose 

phosphate ormed next.  
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Questions  metabolism, cell  respiration and  

photosynthesis
1.  An  enzyme experiment was conducted  at three dierent 

temperatures.  The graph  shows the  amount o substrate 

remaining each  minute ater the enzyme was added  to  the 

substrate.  W shows the  results obtained  at a  temperature  

o 40  C.
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a)  (i)    Explain  whether the temperature used  or X was 

higher or lower than  40 C.  [3]

(i i)  Estimate the temperature that was used  or Y.  [2]

b)  Draw a  curve on  the  graph  to  show the expected  results 

o repeating the experiment at 40  C with

(i)  a  higher concentration  o enzyme; [2]

(i i)  a  pH  urther rom the optimum. [2]

2.  Discs o tissue were cut rom horse chestnut seeds and  

were placed  in  solutions o hydrogen peroxide.  The enzyme 

catalase released  rom cut cel ls caused  this reaction:

2H
2
O

2
  2H

2
O  +  O

2

The oxygen released  by  the  reaction  ormed  oam on  the 

surace o the hydrogen peroxide.  The volume o the oam 

was measured  ater ve minutes using various hydrogen 

peroxide concentrations,  both  with  and  without a  xed  low 

concentration  o copper ions.  The results are shown below.

Concentration   

o H
2
O

2
 (%)

Volume o oxygen (ml)

No Cu With  Cu

0 0.0 0.0

10 7.3 3.8

20 10.3 5.4

30 11.4 6.3

40 11.8 6.5

50 11.9 6.6

a)  Calculate the rate o reaction  or each  o the twelve 

results.  [5]

b)  Plot a  graph  to  show the eect o hydrogen  peroxide 

concentration  on  the rate o reaction  both  with  and  

without copper ions.  [6]

c)  Deduce,  with  reasons,  the eect o copper ions on  

catalase.  [4]

3.  a)   Identiy  two metabol ic processes that involve 

chemiosmosis.  [2]

b)  Explain  the need  or membranes in  chemiosmosis.  [3]

c)  Suggest a  location  or chemiosmosis to  occur in  

prokaryotes.  [1]

4.  The electron  micrograph  below shows part o a  plant root 

cel l ,  including mitochondria.

X

a)  Explain  briefy  two eatures that al low the mitochondria  

in  the micrograph to  be  identied.  [2]

b)  Draw the structure o region  marked  X.  [2]

c)  Annotate the micrograph to  show one example o

(i)  a  region  where the Krebs cycle  takes place

(ii)  a  location  o ATP synthase

(ii i)  a  region  where glycolysis takes place.  [3]

5.  a)   Draw a  curve o the action  spectrum or photosynthesis 

on  the axes below.  [2]

400
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b)  Explain  the relationship between the action  spectrum 

or photosynthesis and  the absorption  spectra  o 

photosynthetic pigments.  [3]

catalase
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9

MEaSURing tRanSPiRation  RatES
the re  rspr s dcu   

mesure drec  d  sed he re  

wer upke s usu  mesured us 

  pmeer.  

the ure (rh)  shws e des  

pmeer.

as he p rspres  drws wer 

u  he cp r  ue  repce he 

sses.

becuse he cp r  ue s rrw, 

sm  sses  wer rm he p 

ve mesure mvemes  he 

r ue.

Repe mesuremes  he  

d sce  mved    e  mue  re 

eeded    esure  h he  resu s  

re  re e.

Pl an t  b i o lo g y

trspr  

WatER loSS by tRanSPiRation
trspr  s he ss  wer 

vpur rm he sems d  eves 

 ps.  i  s  he eve  

csequece  s exche   

he e.  

leves mus sr cr dxde 

r use   phshess d  

excree xe ( wse prduc) .  

gs exche requres   re re  

ms surce. ths s prvded  he 

mesph .  i  m eves here s 

sp mesph    he wer pr  

he e wh   ewrk  r spces 

h creses he surce re  

ms ce  ws expsed  r.

Uess he  r spces re u   

sured,  wer evpres rm 

he ms ce   w s.  ths esures 

h he r spces hve   hh  

reve humd  s wer vpur 

eds   d fuse rm hem   he r 

usde he e.  

the epderms  ms p 

eves secrees wx   rm   

werpr c   he  e (wx  

cuce) .  ths preves excessve 

rspr,  u s cks s 

exche.  Pres re herere 

eeded    he epderms r Co
2
   

eer he e d  o
2
   eve.  i  he 

pres (sm)  re peed     w 

s exche,  he  s usu   

 w wer vpur  escpe,  whch  

s rspr.  

fresh  shoot,  cut  under water and

transferred  to  apparatus under water

to  avoid  introducing a ir bubbles

reservoir from which  water can  be 

let  into  the capi l lary  tube,  pushing

the a ir bubble  back to  the  start  of

the tube

tap

capil lary  tube

scale  ca l ibrated  in  mm3

air bubble  moves a long tube as

water is  absorbed  by  shoot

air t ight

seal

pal isade

mesophyl l

lower

epidermis

waxy  cuticle guard  cel l
stoma

In  the d iagram (above)  the  arrows indicate

the evaporation  of water from  cel l  wal ls  and

diusion  of water vapour out  through a  stoma.

moist  cel l  

wal l  of 

spongy  

mesophyl l  

cel l

spongy

mesophyl l
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investgatng transpraton  

inVEStigating FaCtoRS aFFECting tRanSPiRation  RatES
Expermes c  e  desed  us pmeers   es he efec  exer  vres   he re  rspr.  three crs 

wrh  ves re emperure,  humd  d  wd  speed.  i  ech  cse   mehd  s eeded    vr  he exer  cr 

chse s he depede vre  d    mehd   mesur s eve .  a   her crs shud  e kep cs.  Skech  

rphs re  shw ew   dce psse  predcs r he efec  he hree crs.  yur resus eher m  r m   

suppr hese hphec  reshps.

Temperature
Use   he mp   vr  he emperure 

d    rred  hermmeer   

mesure e emperure.  He s 

eeded  r evpr   wer rm 

he surce  mesph   ce s,  s  s 

emperure  s cresed  he re  

rspr  rses.  H her emperures 

s crese he re   d fus  

hruh  he  r spces d  wer he 

reve humd   he r usde 

he e.  i  ver  hh  emperures he 

sm  m  cse.

Humidity  
Use   rspre psc    ecse 

he e  sh,    ms sprer   rse 

humd  sde he  d  descc 

s c s  c  e    wer .  Use 

  eecrc hrmeer   mesure 

he reve humd.  Wer dfuses u 

 he e whe here s   ccer  

rde ewee  he  humd  r spces 

sde he e d  he  r usde.  as 

mspherc humd  s reduced,  he 

ccer  rde es seeper d  

rspr  s ser.

Wind  speed
Use   eecrc     eere r 

mveme,  vr vec    

ch he dsce  he   r he 

re   r.  Use   emmeer   

mesure he  speed   he r mv 

crss he p eves.  i  s     r,  

humd  uds up  rud  he  e,  

reduc he ccer  rde  

wer vpur d  herere  reduc 

rspr.  Mdere wd  veces 

reduce r preve hs u hh  

veces c  cuse sm    cse.
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SUMMaRy oF CoMPUlSoRy PRaCtiCalS
the mesureme  rspr  res us pmeers s   cmpusr  prcc  r Hl   sudes.  i  he  cre here re 

sx prccs h u  shud  hve de ere u  ke ur ib  b  exms,  wheher u  re   Sl r Hl   sude.  

yur echer m  hve c ed  hem cmpusr  s r cmpusr  prccs.  yu  shud  e  e    swer quess u 

des   hese prccs r s h u  hve ered    d hem.

Prcc  1    tpc 1   see pe 4 

Use o a  l ght mcroscope to nvestgate the structure o cells  and tssues,  wth  drawng o cells.  Calculaton  o the 

magncaton  o drawngs and  the actual  sze o structures and  ultrastructures shown n  drawngs or mcrographs.  

Prcc  2    tpc 1   see pe 11  

Estmaton o osmolarty  n  tssues by bathng samples n  hypotonc and hypertonc solutons.

Prcc  3    tpc 2   see pe 27  

Expermental  nvestgaton o a  actor afectng enzyme actvty.  

Prcc  4   tpc 2   see pe 36 

Separaton  o photosynthetc pgments by  chromatography.

Prcc  5    tpc  4    see pe 55  

Settng up sealed  mesocosms to try  to establsh sustanablty.

Prcc  6    tpc 6   see pe 78 

Montorng o ventlaton n  humans at rest  and ater mld  and vgorous exercse.

Prcc  7    tpc 9  (Hl )   pes 111112  

Measurement o transpraton  rates usng potometers
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Water uptake and water conservation

WatER UPtaKE in  RootS
Ps sr wer d  s mer  s rm he s  us 

her rs.  the surce re r hs s cresed    rch 

 rs d  he rwh  r hrs rm epderms ces.  

Ps sr pssum, phsphe, re d  her mer  

s. the ccer  hese s   he s  s usu  

much wer h sde r ces,  s he re sred    

cve rspr.  R hr ces hve mchdr  d  pre  

pumps   her psm memres. Ms rs   sr 

mer  s  he hve   supp   xe, ecuse he  

prduce atP r cve rspr,    erc ce   respr.  

as   resu  cve rspr he cpsm  r ce s hs   

hher ver   sue ccer h he wer   he s .  

R ce s herere sr wer rm he s    smss.

aDaPtationS oF PlantS to SalinE SoilS
Se ss re ud    cs  hs d    rd  res 

where wer mves up   s  d  evpres ev 

dssved  s  he surce. i  s e ss he ccer  

 s such s n+  d  C-  s s hh h ms ps re 

ue   rw, u sme spec   dped  ps hrve  

(hphes) .  the rph shws he rwh  hphes d  

-hphes     re  nC  ccers.  
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t preve wer mv   smss rm hphes   

s e  ss he sue ccer  sde  he  p mus 

e hher h    he  s e s  .  ths c e de smp  

  rs he n+  ccer  ecuse hh  ccer  

 hs   c  hve dverse efecs   ce   cves such s 

pre  shess. H h  ccers  her sues such 

s surs r K+  re  med    he  cpsm sed.  

Hwever,  ccers  n+  d  C-  ve hse  he 

s e  s  c  e med    he vcues  ce s s 

me c cves d  ccur here.  

Hphes use   re  mehds  e rd   excess n+  

such s cve rspr ck  he s ,  excre rm 

spec  ds   he e, d ccumu he    cer  

eves d he shedd hem. M hphes s  

hve dps r wer cserv smr  hse  

xerphes. Sme hve wer sre ssue s re succues.

aDaPtationS oF PlantS in  DESERtS
Ps h re dped    rw   ver  dr  hs such  

s desers re  c ed  xerphes.  Cereus giganteus,  he  

sur  r  ccus,  s    exmpe     xerphe.  i  

rws   desers   Mexc d  arz  d  shws m  

xerphc dps,  whch  hep   cserve wer   

reduc rspr.  

Vertical  stems

to  absorb sunl ight

early  and  late  in

the day  but  not  at

midday  when  l ight

is most  intense.

Very  thick waxy

cuticle  covering 

the  stem.

Spines instead  of 

leaves to  reduce 

the surface area  

for transpiration.  

CAM  physiology,

which  involves 

opening stomata  

during the cool  

n ights instead  of in  

the  intense heat  of 

the  day.

Ps h rw   sd  dues hve xerphc dps 

r wer cserv.  a  exmpe s mrrm rss 

(Ammophila arenaria) .  a hrz  sec     e  hs 

p s shw ew. 

the e  Ammophila arenaria hs:

    hck wx  cuce  cver he e

  hrs   he udersde  he e

  smer r spces   he mesph   h  her ps

  ew sm,  h re  suk   ps

  ce s h c  che shpe   mke he e r   up,  wh  

he wer epderms d  sm    he  sde.
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XylEM anD PHloEM in StEMS
Vscur ssue cs vesses used  r rspr 

mers.  the w pes  vscur ssue   ps re 

xem d  phem. these w ssues ccur   sems. 

the ure (ew)  s   p  drm  shw he ps  

he ssues   he sem    u dcedus p.

pith

cortex

epidermis

xylem
cambium
phloem

vascular

bundle

as sems rw hcker he  devep mre xem d  phem 

ssue.  the ure ew shws    h mcrrph  he sem 

 Clematis fammula.  

Xem ssue s es  deed    he presece  re 

pe xem vesses.

Phem ssue csss  res  much sm er ce s cse 

  he xem   he sde erer he  epderms.

bewee he phem d  he epderms   hs sem re  

C-shped  res  uh  ed  ce s (res)  h prvde 

suppr u re  used  r rspr.  

XylEM  anD PHloEM  in  RootS
i rs he xem d  phem ssue re    d fere 

pss rm hse   he sem. the ure (ew)  s   p  

drm   shw he ps   he ssues     r.

cortex

phloem

xylem

endodermis

epidermis

the  h mcrrph ew shws he cere    Ranunculus  

r   rsverse sec. a sr-shped re   xem s 

cer  vse wh  phem ssue ewee he ps  he 

sr d    se er  edderms   he usde  he 

vscur ssue.  

the  h mcrrph ew shws xem d  phem ssue 

    sem  Ricinus communis   verc  sec.

phem xem
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StRUCtURE anD FUnCtion  oF XylEM
  Xem s   ssue   ps h prvdes suppr d  

rsprs wer.  i  fwer ps xylem vessels  

re  he  m  rspr rue r wer.  these re  

uur srucures,  wh  sr sde w s d  ver  ew 

crss w s.  

  the m  mveme   xem s rm he rs   he  

eves,    repce wer sses rm rspr.  ths 

fw  wer s c ed  he  transpiration  stream .  

  Pu  rces (es)  cuse he wer   mve up   

he  eves.  these es  rces re eered    he 

eves   rspr  d  re  due   he adhesive  

prper   wer.  Wer dheres sr    ce use 

  p ce   w s.  Whe  wer evpres rm 

mesph   ce   w s   he e,  mre wer s drw 

hruh rrw ce use- ed  pres   e ce   w s 

rm he eres xem vesses   repce ,  eer 

he  es.

  tes  c  e rsmed  rm e wer mecue 

  he ex ecuse  he cohesive  prper   wer 

mecues h resus rm hydrogen bonding.  the 

es  eered    he  eves s rsmed     he 

w  dw he cums  wer   xem vesses   

he  rs.  

  a mes  mxmum rspr  he pressures   

xem vesses c  e exreme  w d  he sde  w s 

hve   e ver  sr   preve wrd  c pse.  ths 

s cheved    srehe he w s   he sde 

  deps mre ce use d    mpre hs 

hcke  he w   wh  l ignin .  thckeed  ce   w s h 

hve ee  mpreed  wh     re much hrder d  

re  woody .  

  the rs xem rmed      sh r r p  s prmr  

xem.  the w s  prmr  xem vesses re hckeed  

    he c  r ur (r-shped)  per.  ths  ws 

he  vesse    ee s he r r sh rws   

eh.  

DRaWing PRiMaRy XylEM  VESSElS 
the drw (rh)  s sed    mcrscpe mes such  s 

he sc eecr  mcrrph (ew e)  d  he   h 

mcrrph   xem   pumpk  ssue (ew rh) .

MoDElS oF WatER tRanSPoRt in  XylEM
Smpe mdes c  e used    es heres u wer 

rspr   ps.

1 .  Wer hs dhesve prperes

glass 

capil lary  tube

water adheres to

glass so  rises up

the capi l lary  tube

mercury  does not

adhere  to  glass so

does not  rise

water

2. Wer s drw hruh  cp res   ce   w s

strip  of paper

(blotting,  lter or

chromatography)

water

paper is  made of cel lu lose

cel l  wal ls  so  water rises up

through  it  against  gravity  in

pores in  the  paper

3. Evpr   wer c  cuse es

water rises

up the  tube

more water is

drawn  into  the

pot  to  replace

losses

porous pot   is

similar to  leaf cel l

wal ls  as  water

adheres to  it  and

there are  many

narrow pores

(capi l laries)

running through

water evaporates

from the  surface

of the  pot

No plasma

membranes are

present  in  mature

xylem vessels,  so

water can  move in

and  out  freely.

Lumen of  the

xylem vessel  is

l led  with  sap,

as the  cytoplasm

and  the  nuclei  of

the original  cel ls

break down.  End

wal ls  a lso break

down to  form a

continuous tube.

  

Hel ical  or 

ring-shaped  

thickenings of 

the cel lu lose 

cel l  wal l  are  

impregnated  

with  l ignin.  This 

makes them hard,  

so  that  they  can  

resist  inward  

pressures.

Pores in  the  

outer cel lu lose 

cel l  wal l  

conduct water 

out of the xylem 

vessel  and  into  

cel l  wal ls  of

adjacent  leaf cel ls.



116 Pl an t  b i o lo g y

Phloem transport

tHE FUnCtion oF PHloEM
Ps eed    rspr rc cmpuds,  such  s surs 

d  m cds,  rm e pr  he p   her.  ths 

s he uc   phem. there  re  sever  ce   pes   

phloem  ssue.  the mveme  rc cmpuds kes 

pce   phloem sieve tubes.  

Surs d  m cds re ded    phem seve 

ues   active transport    prs  he p c ed  

sources .  Exmpes  surces re prs  he p where 

phshess s ccurr (sems d  eves)  d  sre 

rs where he sres re e m zed.

Surs d  her rc cmpuds re  uded  rm 

phem seve ues   prs  he  p c ed  sinks .  

Exmpes  sks re rs,  sre rs such  s p 

uers d  rw rus cud he seeds devep 

sde hem. these re    prs  he p where rc 

cmpuds c e prduced  u he  re eeded  r 

mmede  use r r sre.  

water
phloem sieve

tubes in  the

stem

SOURCE e.g.  leaf

companion  cel l

f low
 of sa

p
lo
w

p
re
ssu

re

h igh

pressure

sucrose

sucrose

and

water

SINK e.g.  root

the cmpress    wer  ws rspr  

hydrostatic pressure gradients.

  Hdrsc pressure s pressure      qud.

  the hh  ccers  sues such  s surs   he  

phem seve ues  he surce ed    wer upke   

smss d  hh  hdrsc pressure.

  the w sue ccers  phem seve ues 

 he sk ed    ex  wer   smss d  w 

hdrsc pressure.

  there s herere   pressure rde h mkes sp 

sde  phem seve ues fw rm surces   sks.  

loaDing PHloEM  SiEVE tUbES
the m  sur crred    phem seve ues s sucrse.  

acve rspr s used    d     he phem u    

pump sucrse mecues drec .  ised  prs re 

pumped  u  phem ce s   cve rspr   cree   

proton gradient.  C-rsprer pres   he memre 

 phem ce s he  use hs rde   mve   sucrse 

mecue   he ce     smueus   w prs 

u dw he  ccer  rde.  

Sme sucrse s ded  drec    phem seve ues   

hs prcess.  t  speed  up he prcess djce phem ce s 

s sr sucrse   c-rspr d  he pss    seve 

ues v  rrw cpsmc cecs (psmdesm) .  
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pump

H+

S

H+ H+ S

co-transporter

OUTSIDE CELL -  h igh  H+  concentration

INSIDE CELL -  low H+  concentration

tHE StRUCtURE oF PHloEM SiEVE tUbES
Phem seve ues devep rm cums  ce s h 

rek dw her uce  d  ms     her cpsmc 

rees,  u rem   ve.  lre pres devep   he crss 

ws ewee he ce s,  cre he seve pes h  w 

sp  fw. the drm ew shws he srucureuc  

reshps  seve ues rmed   hs w.
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MEaSURing PHloEM  tRanSPoRt RatES
P phsss hve deveped  mehd us phds  

 smpes  phem sp rm se seve ues. aphds 

hve  perc muhprs ced stylets,  whch he ser 

 sems r eves d push wrds hruh he p ssues 

u  he se perces  seve ue. the drw (rh)  shws   

phd eed  phem sp hruh s se. the hh pressure 

sde he seve ue pushes phem sp u hruh he se 

 he u  he phd. t smpe phem sp, he phd s cu 

f rm s se whe  hs sred  eed. the se s e s   

ver rrw ue, hruh whch sp cues  emere.  

Whe rdcve  e ed  spes ecme ve  

rm he 1940s wrds,   ecme psse    d mre 

sphsced  phem expermes us phds.  i  

rdcve  e ed  cr dxde (1 4Co
2
)  s supp ed    

he e    phshesz p,  rdcve sucrse 

s mde   he e d  ded    he phem. the me 

ke  r hs rdcve sucrse   emere rm severed  

phd  ses  d fere d sces rm he e c  e used  

  ve   mesure  he  re  mveme  phem sp.  

a  exmpe  pprus used  r hs reserch  s shw 

(drm ew)  d  resus ed  us  (e  ew) .  

Experme umer 1 2 3

Dsce ewee phd  ces (mm) 650 340 630

tme r rdcv    rve  ewee 

ces (hurs)

2.00 1.25 2.50

Re  mveme (mm hurs- 1 ) 32.5 27.2 25.2

DEtECting tRaCES oF Plant HoRMonES
P hrmes were dscvered   he 20h ceur u 

reserch  her efecs ws hmpered   he ver w 

ccers   p ssues. Eve rces  p hrmes 

hve sc efecs  p phs, ecuse   

ms cses he c s reurs  ee rscrp. the 

ccers  whch p hrmes re cve c e s 

w s pcrms  hrme per rm  p ssue. oe 

pcrm s   m   m h    rm. aher prem s 

h here re ve rups  p hrmes h re chemc  

ver dverse, s dfere exrc mehds re eeded.  

ac  echques hve mprved  re.  a vre   

echques hs ee  used:  

  EliSa (ezme  ked  mmusre sss)

  s chrmrphmss specrphmer

   qud  chrmrphmss specrphmer  (rh) .

Ver  w ccers  p hrmes re w deece 

d  prevus  ukw hrmes hve ee dscvered.  

Rece  deveped  echques  mecur   hve 

ee emped    reserch    p hrmes.  Ches 

  he per   ee express  due     hrme c  e 

deeced  us mcrrrs.  Pres hve ee dscvered  

  whch  specc hrmes d.  ths cves he  pre,  

  w    d    prmers  specc ees d  cuse 

her rscrp.  Fr exmpe,  ve ees hve ee  shw 

  e expressed    he shder sde    sh p,  where he 

ux  ccer  s hher.  
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inDEtERMinatE gRoWtH in PlantS
Ps hve res where sm   udereed  ce s 

cue   dvde  d  rw,  e  hruhu he   e   he 

p.  these res re c ed  meristems.  

Fwer ps hve mersems  he  p   he r d  

he p   he sem. the  re pc  mersems s he  re  

he pex  he r d  sem. 

grwh    pc  mersems  ws rs d  sems   

ee.  the sh pc  mersem s prduces ew 

eves d  wers.

i  m  emrs   xed  umer  prs devep,  

such  s w es d  w rms   hums.  ths s  c ed  

deerme  rwh.  

the  rwh   ps   crs s  indeterminate ,  ecuse 

pc  mersems c  cue    crese  he  ehs  

sem d  r hruhu he   e     p d  c  prduce 

  umer  exr  rches  he  sem r r.  the  c  

 s  prduce   umer  exr  eves r wers.  

gRoWtH oF tHE SHoot
the eves    p re ched    he sem. 

the shoot   he p s he sem eher wh  he  eves.  

a he p   he  sh here  s   mersem, c ed  he  shoot 

apical  meristem .

the ce s   hs mersem crr  u mitosis  d  cell  division  

repeed,    eere he ce s eeded  r exes   he 

sem d  devepme  eves.  

  Sme  he ce s ws rem    he mersem d  

cue   hruh he ce   cce,  prduc mre ce s.

  ths prduc   ew ce s cuses her ce s   e 

dspced    he ede  he mersem.

  Ce s  he ede sp dvd d  uder rpd  rwh  

d  dere    ecme eher sem r e ssue.

  leves re ed  s sm   umps  he sde   he 

pc  dme. these umps re c ed  e prmrd  d  

hruh cued  ce   d vs  d  rpd  rwh  he  

devep   mure eves.  

the drm ew shws he srucure  he sh pex  

  p.
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aUXin  anD PHototRoPiSM
P hrmes re used   cr  rwh  he sh p.  

the m  hrme s auxin ,  whch cs s   rwh prmer.  

oe  he prcesses h ux  crs s phototropism .

trpsms re drec  rwh respses  drec  

smu.  Shs re psve  phrpc  he  rw wrds 

he rhes surce   h.  Chres Drw served  hs 

respse   cr  rss d  mde hese drws:

Phalaris canariensis :  cotyledons after exposure  in

a  box open  on  one side in  front  of a  south-west

window during 8  h.  Curvature towards the  l ight

accurately  traced.  The  short  horizontal  l ines show

the level  of the  ground.

Sh ps c  deec he surce  he rhes  h d  

s prduce ux.  accrd     -sd her,  

ux  s redsrued    he  sh p  rm he  her sde 

  he shder sde.  i  he  prmes mre rwh    he 

shder sde,  cus he sh   ed  wrds he  h.

ce
l l  
el
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n
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molecule

lh s deeced  us sever  pes  pme,  u he 

ms mpr re   rup  pres c ed  phototropins.  

Whe  hese deec dereces   he  es   ue  h 

  he sh p  he  rer  mvemes  ux    cve 

rspr.  ths s crred  u   ux  pumps   he  psm 

memres.  the  re efux pumps s he  mve ux  rm 

he cpsm u   he ce   w  .  aux  mecues   he 

cpsm crr    eve chre d   s  hese h re 

mved    he efux pumps.

i  he  ce   w    pr  ds   he ux  d   c  he  

duse     ce   hruh  he  psm memre.  oce   

  ce   he ux  ses s pr    d  s rpped    he 

cpsm u    efux pump ejecs .

aux  efux pumps re  mved    respse   he dereces 

   h es  s  he  se up    ccer  rde  

ux  rm wer   he  her sde     hher ccer  

  he shder sde.  

P ce s c    auxin  receptor.  Whe  ux  ds   ,  

rscrp   specc ees s prmed.  the express  

 hese ees cuses secre   hdre s   ce   

w s.  ths ses cecs ewee ce use res,  

  w ce   exps.
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StRUCtURE oF FloWERS
a h vew s   drw  he  srucure    fwer wh  eher 

he e r rh h d sseced  w.  as wh     c  

drws,    shrp pec  shud  e  used,  s  h se  

rrw  es c  e  drw   shw srucures.  the drw 

ew shws he  srucure    Lamium album  fwer.  the 

re pes,  ecres d  he ps   he hers d  

sm shws h he fwers  Lamium album  re  dped  

r sec p  ,  usu     ees.
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Day lEngtH anD FloWERing
the sh pex prduces mre sem d  eves u     

receves   smuus h mkes  che   prduc 

fwers.  ths swch  vves   che   ee express    

he ce s  he  sh pex.  

i  m ps he smuus s   che   he eh   h 

d drk perds. Sme ps   fwer  he me  er 

whe ds re shr d her ps   fwer whe he 

ds re . the  re c ed  shr-d ps d -d  

ps. Expermes hve shw h  s  he eh  

d  u he eh  h h s sc. Fr exmpe,  

chrshemums re shr-d ps d   fwer whe  

he receve    cuus perd   drkess (14.5 hurs 

r mre) . the herere ur  fwer   he uum () .
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grwers c  prduce ps  fwer chrshemums 

u  he rm  fwer ses   keep hem   

reehuses wh   ds.  Whe  he  hs re   

euh   duce fwer,  he  ds re csed    exed  

he hs rc .  

MUtUaliSM in Pollination
Mre h 85%  he wrds 250,000 speces  fwer p 

deped  secs r her m  prs r reprduc.  

bh speces    muusc reshp ee. i    p

pr reshp, he p ees  s fwers e 

ped d he pr ees   ecr (  

surce  eer)  d pe ( surce  pre) .  

there s   red r p speces  devep muusc 

reshps r p wh e specc speces  sec.  

Fr exmpe,  

he v   

rchd  (rh)  

s ped  

   speces  

Melipona ee.  

the dve 

 hs s h 

he sec w  

rser pe  

rm fwer   

fwer  he 

speces d   her speces. ths s  exmpe  wh  s  

esse   prec ere ecssems,  dvdu  speces  

speces c  ve   s s he deped  ech her.

Pollination, FERtiliZation  anD SEED 

DiSPERSal
Fwers re he srucures used    fwer ps r 

sexu  reprduc.  Feme mees re  ced    

vues   he vres  he fwer.  P e  rs,  prduced    

he hers,  c  he me mees.  a ze  s rmed  

  he us     me mee wh    eme mee sde 

he vue.  ths prcess s c ed  ertilization .

bere  er  z,  her prcess c ed  pollination  mus 

ccur.  P    s he rser  p e  rm   her     

sm. P e  rs c me mees c mve 

whu hep  rm   exer  e.  Ms ps use eher 

wd  r   m  r p  .  

P e  rs erme    he sm  he  fwer d    

p e  ue c he me mees rws dw he 

se    he vr.  the p e  ue de vers he me mees 

    vue,  whch  he  er  ze.  

Fer  zed  vues devep   seeds.  ovres c 

er  zed  vues devep   rus.  the uc   he ru 

s  seed dispersal .  ths s he spred  seeds w  rm 

he pre p   ses where he  c  erme d  rw 

whu cmpe wh  her pre.  

S,  success   p reprduc  depeds   hree dere 

prcesses:  p  ,  er  z  d  seed  dspers .  
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SEED StRUCtURE
Fwer ps c  e prped    sw seeds.  a seed  

cs   emr p d  d  reserves r he emr 

  use dur erm.  

bes re re seeds wh  srucure h s es   

serve. the seed c (es)  mus e remved. the d  

reserve csss  w re mdfed emr eves, ced  

cotyledons.  i e  hese s remved, he er  srucure  

he seed c e see. the drw ew shws hs srucure.  

Internal  structure

External  structure

seed  coat

( testa)

scar where

seed  was attached

to  the ovary

embryo shoot

(plumule)

cotyledon  

one of two

in  the  seed

seed  coat

embryo root

( radicle)
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gERMination
Seeds w    erme uess exer  cds re  

sue.  three hpheses u crs eeded  r 

erm  re  suesed  here:

  Wer mus e v e  (  rehdre he seed) .

  oxe  mus e ve  (r ce   respr) .  

  Wrmh s eeded  (r ezme cv) .  

the sc des     experme   es e  hese 

hpheses requres  es w remes:  

1 .    cr  reme v seeds    crs eeded  

2.    reme v seeds    crs excep e.  

i seeds ve he cr  reme erme u hse deed  

e cr d , h cr mus e eeded r erm.  

apprus r es wheher xe s eeded s shw ew:

seeds

moist  

cotton  wool

both  at  20C

seal

a ir with

0% oxygen

air with

20% oxygen

alkal ine  pyrogal lol

solution  ( absorbs oxygen)

water

MiCRoPRoPagation  oF PlantS
Desre  vrees   p s  re  prped    sexu   

reprduc ,  s  h     he  p s  prduced  hve  he 

desre  chrcerscs.  there  re  m  rd     

mehds  r h s,  u mre  rece    ech que  c  ed  

mcrprp  hs  ee  deveped .  th s  me  s  used  

ecuse  he  prp  c  e  de  wh  ver  sm   

p eces   ssue  ke  rm  he  sh pex    p .  

Ses    mcrprp  re  shw    he  d rms 

ew.  three  dves   he  prcedure  exp   wh  

mcrprp  s  w ver  wde  used .

  new vrees c  e uked  up much mre quck  h    

prevus mehds  prp.  

  Vrus-ree srs  exs vrees c  e prduced  

ecuse ce s   he sh pex rm  d  c  

vruses h reduce p rwh  eve   her ce s     

p d c  hem.

  lre umers  rre ps such s rchds c e 

prduced, reduc he cs   pepe wh w   u  hem 

d  mk  uecessr   ke hem rm wd  hs.

A smal l  piece of tissue is
removed  from the plant
that  is  being cloned.  Often
the tissue comes from a
shoot  tip.  The tissue is
steri l ized.  Al l  apparatus
and  growth  media  must
be steri l ized  to  prevent
infections.  This  is  cal led
aseptic technique.

The plantlets are
separated  and
transferred  to  soi l ,
where they  should
grow strongly.

Eventual ly  the  ca l lus is
transferred  to  nutrient  agar gel
containing less auxin  but  high
concentrations of cytokinin
which  stimulates plantlets with
roots and  shoots to  develop.
Gibberel l in  is  sometimes added
to  increase shoot  growth  and
prevent  dormancy.

The tissue is  placed
on  steri le  nutrient
agar gel,  containing
a  high  auxin
concentration.  This
stimulates cel l
growth  and  d ivision.

An  amorphous lump
of tissue cal led  a
cal lus grows,  which
can  be cut  up and
made to  grow more
using the  same type
of nutrient  agar
containing auxin.
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Questions  plant biology

1.  Wh cds cuse ms rpd  rspr?

a.  s   ,  h d  humd   b.  wd,  wrm d  dr

C.  wd,  cd  d  humd   D.  s   ,  c  d  dr

2.  Wh s   dve  mcrprp   ps?

a.  prduces sm er ps 

b.  vds us hrmes 

C.  sm   cmpes d     

D .  prduces vrus-ree ps

3.  the mcrrph  s   rsverse sec  hruh he sem  

Salicornia europaea,  whch  s dped    s e s s   s 

mrshes.  the eves  hs p re  ver  sm   s  he sem 

s he m  r   phshess.

I I I I I I

)  Exp  hw srucure i  heps cserve wer.  [2]

)  Srucure i i  s  smr   e  he ssues     pc  

e.  Deduce whch  e ssue hs s.  [1]

c)  Sues   re  r ssue i i i .  [2]

d)  there re sx vscur udes   he cere  he sem, 

wh  reve  sm   mus  xem. Sues ress 

r he sem hv  e  xem. [2]

e)  Salicornia  hs C
4
 me sm h  ws Co

2
 x   

  rusc  wer Co
2
 ccers h    ps 

wh  sdrd  C
3
 me sm. Sues hw hs mh 

hep    reduce wer ss   rspr.  [2]

 the des   sm  ws mesured    he eves  

Salicornia persica  whe  rw   ss wh  dere s 

(nC)  ccers.  the resus re ew. 

nC  s   

(mm  dm- 3 )
0 100 200 500

Sm  des  

(mm- 2 )
194 101 74 68

)  ()   ou e he reshp ewee  sm  des  

d s .  [1]

( )  Sues ress r he reshp.  [2]

4.  )   Se w prcesses ccurr   he sh pex h 

re eeded  r sem rwh.  [2]

)  ( )   ou e hw ccer  rdes  ux  re  

es shed      sh pex.  [4]

( )  Exp  he re   hese ux  rdes.  [4]

5.  the pprus ew ws se up  d  e r hree hurs.  the 

mss   he e drpped  rm 158.47     155.77   d  he 

mss   he rh cresed  rm 158.80    161.41  .

concentrated

sucrose solution

plastic tube

bag made

from semi

permeable

membrane
dilute

sucrose

solution

electronic balances

water

at  bottomed

tube

)  Ccue he re  mss che   ech  sde.  [2]

)  Exp  he mss ches.  [4]

c)  ( )   ide    p rspr ssem h s smr  

  he pprus.  [1]

( )  Descre he  smres.  [3]

6.  the drm s   h vew    fwer  Anticlea elegans.  

I I I I

V

VI

II

IV

)  Se he mes  srucures iVi .  [6]

)  Exp  he muu sc reshp ewee  he  p 

d  he  ms h vs s fwers.  [4]

c)  Sues ress r seeds  devep    secs 

vs he fwer.  [3]

d)  the fwer deveps rm   sh pex h ws 

prevus  devep eves d  sem. ou e hw  

he che   devep   fwer ccurs.  [5]

e)  Se w prs  he  emr     seed.  [2]
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M  w f p rm 

indePendent assoRtMent in  a diHYBRid  cRoss

SY

Sy

sY

sy

SY

Sy

sY

sy

SSYY

smooth  yel low

SSyY

smooth  yel low

sSYY

smooth  yel low

sSyY

smooth  yel low

SSYy

smooth  yel low

SSyy

smooth  green

sSYy

smooth  yel low

sSyy

smooth  green

SsYY

smooth  yel low

SsyY

smooth  yel low

ssYY

wrinkled  yel low

ssyY

wrinkled  yel low

SsYy

smooth  yel low

Ssyy

smooth  green

ssYy

wrinkled  yel low

ssyy

wrinkled  green

SSYY ssyy

smooth  yel low

seed

smooth  yel low

seed

wrinkled  green

seed

SY sy

SY sySy sY

SsYy

Pea  plants contain  two

copies of each  gene.

Gametes only  contain

one copy  of each  gene.

The a l leles for smooth  seed

and  yel low seed  are

dominant  so  a l l  of the  F1
have smooth  yel low seeds.

One copy  of each  gene is

again  passed  on  in  the

gametes,  but  as  the F1
plants are heterozygous

for both  genes there  are

four possible  combinations

of a l leles.  

P genotype 

gametes

 F1genotype

phenotype

phenotype

gametes

F2 genotypes

and

phenotypes

m
al
e 
ga
m
et
es

fem
ale  gam

etes

A Punnett  grid  is  the

best  way  to  show the

genotypes and

phenotypes in  a

dihybrid  cross.  

The  phenotypic

ratio  in  the  F2
generation  is  

9  smooth  yel low:

3  smooth  green:

3  wrinkled  yel low:

1  wrinkled  green

The 9 :3:3 :1  ratio  shows that  the

four types of gametes are  a l l

equal ly  common.  The inheritance

of the  two genes is  independent.

The presence of an  a l lele  of one

of the  genes in  a  gamete has no

inuence over which  a l lele  of the

other gene is  present  in  the

gamete.  This  is  Mendel s  law of

independent  assortment.  

 

Grgr M  mhybr  r wh  p  p hw  h h w      

g pr   fr hp  gm rg m.  th     h  w f 

grg .  

M   r  h w  p rm by  g r   whh  

h pr fr    w hrr h r r   by  w fr g.  

th r    hybr  r.  a  xmp    h r  hw bw. 

th pr   h r  fr     hp,  r   by   g,        

r,  r   by     fr g.

Ratios in  Genetic 

cRosses
th gyp r   h prpr 

 h r gyp pr  

by  h r.

th phyp r   h prpr 

 h r phyp.  

KeY

s =       r 

mh    

 =       r 

wrk  

Y =       r y w 



y  =       r gr 

  
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dihybri  crosses

GenotYPic and PHenotYPic Ratios in  a cRoss WitH  inteRaction   

BetWeen  Genes

CCAA

agouti CCaA

agouti cCAA

agouti cCaA

agouti

CCAa

agouti CCaa

black cCAa

agouti cCaa

black

CcAA

agouti CcaA

agouti ccAA

albino ccaA

albino

CcAa

agouti Ccaa

black ccAa

albino ccaa

albino

CA

Ca

cA

ca

CA

Ca

cA

ca

CcAa

agouti

CcAa

agouti

P genotypes 
One gene controls  whether the  coat

is  coloured  or not.  The other gene

controls  the  colour.
.

KEY
C =  a l lele  for coloured  coat  
c =  a l lele  for a lbino coat  
A =  a l lele  for agouti  coat  
a  =  a l lele  for black coat  

Agouti  is  the  normal  colour of

wild  mice.  Each  hair has black

and  white  bands so  the  overal l

colour is  grey.

.

Al l  mice that  are  cc are  a lbino

because they  are  unable  to  produce

pigment  in  the  hairs  in  their coat.

phenotypes

Genotypic ratio:

9  CA  :   3  Ca  :   3  cA  :   1  ccaa

(Underscores indicate that  either 

a l lele  of a  gene may  be  present)

Phenotypic ratio:

9  agouti   :   3  black  :   4 a lbino

PRedictinG Ratios in  diHYBRid  

cRosses
th 9:3:3:1  r    wh pr h r 

hrzyg r w g r r ghr. th r  

 h pr  w 3:1  r  h  h w g 

w  g   3:1  r     mhybr  r bw w 

hrzyg pr. i    hybr  r hy w M 

w  p rm b hy r k.

dhybr  r   g hr r :

  hr  h g h -m  ;

  hr  h pr  hmzyg r  r bh   h 

g;  r

  hr  h g   m     hr wr   

  x- k.

th fgr (rgh)  hw r h h yp  g  

  g.  

ahr     r  r  bw  

g (p) .  th  fgr (bw)  hw   xmp    

 hybr  r whr hr  r  bw g.

PossiBle Ratios in  diHYBRid  
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Genes  l inked and unlinked

unlinKed Genes
G h r py  r  unlinked  genes .  

G r py    hy  r       r 

hrmm.  

i p rm   k  g   b 

xp    rm  hrmm mm rg 

m.  Wh  prg  hmg hrmm 

r rg prph  i   m,  h       k  

g r     r pr   hmg hrmm. 

a pr  hmg hrmm         bivalent .  

B r r  rmy    h  qr rg 

mph i   m.  th r    b  

  h  r   hr b,    h p    

whh          b m wh hmg 

hrmm pr   ph i   m   

 h  p    whh      hr b m.  Fr 

xmp,  wh   pr wh  h gyp aBb pr 

gm,  aB,  ab,  B   b  r    q y  prbb  g 

a   B  r       r hrmm. th  hw 

mr  y  by  m     grm   tp 3 .

linKed Genes
sm pr  g    w h w  p 

rm   xp  r r  k  g r  

 .  cmb  g     b  hr  

ghr.  th     gene l inkage.  i      by  pr  

g bg     h m yp  hrmm. th 

f m r h      g     hrmm 

   locus ,     k  g h     h m 

hrmm. 

nw mb  h     k  g   y  

b pr   dna  wpp  bw  hrm.  th 

    recombination       pr    

crossing-over.  i h h    r mb  

 hrr rm pr,     rg r,  r 

recombinants.

th fgr (bw)  hw h fr xmp  g  kg   

b r. th r hw h hr wr mr prg 

h xp wh h pr  hrr mb  

prp g  r  r. thr wr wr h xp  

wh h w mb  prp r  r  g.

Mendel and MoRGan
M  (bw )  prrm  r   hybr  r,  

wh  m rr g  r.  H  p    hry  

h xp      h   r     h  w  p 

rm.  i   h  20h  ry  m r   wr 

b  h     f h  hry.

 

a  amr  g,  thm H Mrg  (b 

rgh) ,  p  h      k  g    r 

h  m .  H     h  wh   gg xmp 

  Drosophila  whr  h  hr  pr     r   

m   m  x- kg.

H   xp  r x- kg w h g wr 

    h  x hrmm. 

ohr m ,  whr  h  pr   hr  w h 

m   bh  m   m,  b h  r wr  -

M ,     b  xp  by  w  g bg   

ghr   h  m -x hrmm (m) .

M   w  p rm     wrk 

r m pr   g b  hy  r     r 

hrmm   r   k,  b Mrg     g 

 kg        rfm  h  hry  r h 

grp  g h r ghr     hrmm. 

linKaGe and RecoMBinants

P genotypes PPLL ppl l

phenotypes

long pol len

purple  owers

purple  owers

red  owers

round  pol len

PL pl

PpLl

long pol len

F1  genotype

phenotype

Self-pol l ination

of F1  plants to

produce F2
generation

Chi-squared  =  372  at  3  degrees of freedom

Signicance level  is  less than  0.001

So there  is  99.9% condence of a  signicant  d ierence

between  the observed  and  expected  results.

Expected
F2  ratio

9  purple
long

3  purple
round

3  red
long

1  red
round

Expected
results  (6952

plants in
total)

3910.5 434.5

Observed
results

4831

1303.5

390

1303.5

393 1338

th prpr   rg prg r rmb 

b hy  r r rm h pr  phyp 

mb.

th  ry      g  kg b h  xp  

r  r  k  g  9:3 :3:1  b hr r mr  h  

pr  mb   wr rmb h  h.  
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crossing-over

an eXaMPle oF Gene linKaGe and test cRossinG
Br r    rpr hrmm  whh  g r  k.

P  genotypes 

phenotypes

gametes

purple  starchy white  waxy

purple  starchy white waxy

purple

starchy

147

purple

waxy

65

white

starchy

58

white

waxy

133

Parental

combination

Recombinants
formed  as a  result
of crossing-over.

Parental

combination

Test  cross using a  plant  

that  is  homozygous 

recessive  for both  genes

F1  genotype

F2  genotype

phenotype

gametes

phenotype

numbers

KEY TO  ALLELES

C  =  purple  seeds 

c  =  white  seeds

W =  starchy  seeds

w =  waxy  seeds

C

C W C w c W c w

c w c w c w c w

C W C w c W c w

c w

C

c w

w

w

w

c

c w

wcc

c

W

W

W

W

C

C

PRoPHase i  oF Meiosis
Hmg hrmm pr p  prph 

i   m. eh hmg hrmm 

  w sister hromatids, b   

dna h b rp  rph br 

h r  m. chrm  h w 

r hrmm   pr r non-sister 

hromatids. Wh h hrmm r 

pr,   hrm r xhg  

  pr  rossing-over. th fgr 

(rgh)  hw hw  r.

RecoMBination  oF linKed 

Genes
Wh rg-r  w  b mpb  

  pr w mb   k  

g  pr  mb w  

wy b p  r   prg.  

Hmg hrmm pr   

m i    r hrm pr 

  m i i ,    h   h r hp  

  pr  by  m r  

hrm  rm h b.  thr  

wy    r-r pr b 

  m  h hrm w   h   w 

mb    .  

th p whr rg-r r g 

hrmm  rm     r    

 mbr   r p   m 

pr   m f  m  

g ry.

th fgr (bw)  hw hw rg-r 

   rmb    k  g.

th fgr (rgh)  hw   xmp     

r g g  kg.

tHe PRocess oF cRossinG-oveR
crg-r  h xhg  dna mr  bw -r 

hmg hrm.

At  one stage in  prophase I  a l l  of the  chromatids of two homologous 

chromosomes become tightly  paired  up  together.  This  is  cal led  synapsis.

centromeresfour chromatids in  total ,  long and  

thin  at  this stage

The DNA of each  chromatid  is  joined  up to  the DNA of the  non-sister

chromatid.  This  has the eect  of swapping sections of DNA between

the chromatids.

In  the later stages of prophase I  the  t ight  pairing of the  homologous 

chromosomes ends,  but  the  sister chromatids remain  tightly  

connected.  Where  each  cross-over has occurred  there is  an  X-shaped  

structure  cal led  a  chiasma.  

chiasma

The DNA molecule  of one of the chromatids is  cut.  A second  cut  is  made at  

exactly  the  same point  in  the  DNA of a  non-sister chromatid.

DNA is  cut  at  the  same point

in  two non-sister chromatids

Parental  gene combinations are AB  and  ab  

A B
A B
a b
a b

Locus of
gene A 

Locus of
gene B

Crossing-over
occurs between
the loci  of the
two genes

A B
A B
a b
a b

Position  of
chiasma  formed
by  crossing-over

The four chromatids
separate into  the
four nuclei  produced
by  meiosis

A B

a B

A b

a b

aB and  Ab are  recombinants 
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chi-squared and ontinuous variation

cHi-sQuaRed tests in  Genetics
th   h      gy  w rb    tp 4.  i      b 

    g      whhr hr    g r bw  

br      xp  r.

Method for hi-squared test

1.  drw p   gy  b   br  rq,  whh  r h mbr 

   h  phyp rg rm h r.

2.  c h xp  rq,  b      M   r    h   

mbr  prg.  

3 .  drm h  mbr  gr  rm, whh     h  h   

mbr  pb  phyp.  i     hybr  r hr  r  r phyp 

 hr r 3  gr  rm.

4.  F  h r  rg  r h-qr  rm   b   h-qr  ,  g 

h gr  rm h y  h       g   (p)   

0.05  (5%) .  th r  rg   y    h-qr  rgr h  h    

  h b.

5.  c h-qr  g h q:  

    2   =    
 (b -  xp)   2  

 
___

 xp  

6. cmpr h    h-qr wh h r  rg. i h   

   h r  rg, h r bw h br  h 

xp r r y g  h r    h M  

r y, prhp b h w g  h r r k. i h 

    h r  rg h r bw h br  

 h xp r r  y  g  h r  h 

M r, ggg h h g r k  r py.  

Example:

Wh ghr  hk wh  rg g mb wr r  wh  i  gm 

w  wh  rk hr   m   p  mb.  a    h F
1
 r wr wh 

wh  p  mb.  thy  wr r  wh  h  hr  h xp  r    h 

F
2
 gr  w 9:3 :3:1 .  

wh  p wh  g rk p rk g 

br 111 37 34 8 190

xp
  
9
 
_

 
16

      190

= 106.9
  
3
 
_

 
16

     190

= 35.6
  
3
 
_

 
16

      190

= 35.6
  
1
 
_

 
16

      190

= 11.9
190

dgr  rm =  4 -  1  =  3

Critical  values of the  2  d istribution

p

0.995

0.000

0.010

0.072

0.975

0.000

0.051

0.216

0.9       

0 .016

0.211

0.584

0.5       

0 .455

1.386

2.366

0.1       

2 .706

4.605

6.251

0.05    

3 .841

5.991

7.815

0.025

5.024

7.378

9.348

0.01    

6.635

9.210

11.345

0.005

7.879

10.597

12.838

1

2

3

df

1

2

3

df

a h 0.05     g,  h r    7.815.

ch-qr   =    
(111    106.9) 2

 
___

 
106.9

    +    
(37    35.6) 2

 
___

 
35.6

    +    
(34   35.6) 2

 
___

 
35.6

    +    
(8    11 .9) 2

 
___

 
11.9

   

 =  1 .56

th    r h-qr     h  r  rg   h 

r bw h br    xp  r r  y  

g.  th r  h 9 :3:3 :1  r    w  h h g r mb 

hp   r  hr r  k    r py.  

continuous vaRiation
vr    b disrete  r 

ontinuous .  

Wh  r r  ry    

       mbr  -

rppg .  Fr xmp,      

hm r   b  grp a,  B,   

aB  r o.  

Wh   r  y     

h hrr  pb,  bw 

h w xrm.  Fr xmp,  y  

hgh  pb    hm bw  

h m    h rg hgh.  

dr r    y     

 g.  i   r   

g y  rm       

h mb    w r mr 

g.  th  kw  polygeni 

inheritane.  

Example:  wh gr ry    r 

rm wh   rk r,  pg 

  h m    r  pgm hy  

.  thr g r  h  

r.  eh  g h w  ,   

h  pgm pr    

 h  .  Wh gr   

hrr h bw 0    6    

r pgm pr.  

th gr (bw)  hw h xp  

 rb   gr  r rm 

  r bw w p h 

r hrzyg r h   h 

hr g.
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My  pyg r r  

f  by  rm  

r.  Hm hgh  f  

bh  by  my  g    by  

rm  r h   h 

q y   r  g     h  

wh h/h  grwg.  sk  r  

f  by  g    by  h 

m   gh h k  r.
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Gene Pools
th p  h g p        brh  bgy  

  pp g. a g p       h  

g  hr r      rbrg pp.

a w  ,  pr  by  x  rpr,  hr 

g rm  w pr.  amg hr  rm 

mg,  y  w      rbrg pp  

  b h pr,    h     hr y   

h g   h g p .

My  g h r  .  i    yp  rbrg 

pp,  m   r mr mm h  hr.  

e  wy    hg r m      

rqy      pp g p .  

diFFeRences in  allele FReQuencY
th rqy         h  mbr  h    hr  

    pp    by  h   mbr     h 

g.  a   rqy    rg rm 0.0    1 .0    h   

rqy          1 .0.  

Ggrph y    pp   h r 

   rq rm h r    p,  Fr xmp,  

h rqy     F508,       h  y 

fbr,    0.04   h Fr i b y  0.03    

rhr  erp    bw 0.01    m hr pr  h 

wr.  dr      rqy  my  b  hr   

 r   r    r   rm r.  

tYPes oF natuRal selection
thr r hr pr  r  :

directional stabi l izing disruptive

direcional     xrm   h rg  r   

  r;  h hr xrm    g.

Example:    h br  p Parus major (gr ) ,  brg 

 h b grr wh br h br  ry  h wh  

h h br r b h pk b y   pry   

w r r   h yr    q   m hg.

sabilizing    rm r   r   xrm 

r   g.  

Example:   h br  p Parus major (gr ) , brg 

  gr wh rm h z (mbr 

 gg)  b  rg h h prg h wr 

r  r   m  h hr r wr prg 

wh  grr h  r  h  rm h.

dirupive   xrm yp r  r  rm 

r   g.

Example:    h br  p Passerina amoena  ( z   

bg) ,  yr-  m wh  h      brgh 

pmg r mr   h  m wh  rm 

pmg  bg hgh-q y  rrr,  prg wh  

m   rg prg.  

sPeciation  and RePRoductive 

isolation
th rm  w p    peciaion .  nw 

p r rm wh   pr-xg p p. th 

y    pp  rbrg wh y  

hr pp   p  reproucive iolaion .  th 

  pp g p   hrr pr.  i r  

  ry   h pp,  w   gry  

rg rm h hr pp. ey  h   

pp w   b pb  rbrg wh  h r  

h p   h bm   w p.  

sp  r by  graual   rg r h 

 yr r   b abrup    hpp y. th rmr 

yp      graualim    h r yp  

puncuae equilibrium   g pr wh pprb  

hg  hr pr  rp  .

gradual ism

time

punctuated  equi l ibrium

Hw  p r p  h yp  

rpr . thr r hr m  yp.  

1 .  temporal    wh pp    p br   

 r m.  Fr xmp,  m p    

y  br  ry  13h  yr.  i  m  br  

wh  h  hr      r yr rm h r  h  

p,  hy  w   b  .  

2 .  Behavioural    wh  pp    p h 

bhr h pr rbrg.  Fr xmp,   

mg     by  m r rg   r m 

ry    r m r r  ,  h 

p my  p    -rbrg pp 

wh  ghb  mg  .  

3 .  Geographical    wh pp    p   

  r r  hrr   rbr. Fr 

xmp, bh    zr   fh  h Gpg 

rhpg mgr  rm    , bmg 

rpry     pg  r p.

sPeciation  BY PolYPloidY in  alliuM
i m p grp hr    r  r h p  h 

hrmm mbr h r    mp   b 

mbr.  Fr xmp,  m  Allium  p h    p  

mbr h    mp  16. th r   Allium  prbby  

h  h mbr.   Allium  p wh  32  hrmm 

  by  pypy. th  wh   rrr     

  hg mr h w   hrmm. i  

  p wh     p  mbr  16,      wh  

32  hrmm  rp.  i   r wh    p  

,     h prg r r  rp.  B 

 h,    rp   rpry    rm p.  

Pypy   hrr  p. My  p p 

h b pr by  pypy.
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Questions  genetics and evolution

1.  tw g  m r hw bw.

)  iy  h g  m   ( )  h  ppr    

(  )  h wr mrgrph.  [2]

b)  d whhr h   bg pr  r hp  r 

p    ()  h ppr   ()  h wr mrgrph.  [2]

2.  th mrgrph bw hw   pr  hmg 

hrmm        rryg  m   h 

grhppr Chorthippus parallelus.
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)  iy  h g  m  h    h   

h  pr  hrmm. [2]

b)  i  h pr  hrmm   h mrgrph  

h mbr 

()  hrm [1]

( )  hm  [1]

)  o  hw hm  r pr.  [3]

3.  i  m p w g r  fwr r.  

P wh  h gyp aB h b fwr.

P wh  h gyp abb h r  fwr.

P wh  h gyp h wh fwr.

th rr ymb  ()  rpr y   .

)  s h m g   h  yp  hr whr 

mr h   g r   g  phyp 

hrr.  [1]

 a hmzyg b-fwr  p (aaBB)   r  

wh    hmzyg wh-fwr  p (bb) .

b)  s gyp   phyp  F
1
 prg.  [2]

)  th F
1
 p r   w    p   h  hr.   

d,  g   P gr,  h gyp  h  

gm pr  by  h  F
1
 p   h gyp  

  phyp     h pb  F
2
 prg.  [5]

)  s h xp  r r    F
2
 prg.  [1]

)  th w g  r zym     r   

wh  b     r  pgm   h r  pgm 

    b pgm.  d h   h zym 

pr  rm g a   g B.  [1]

4.  Wh  gry-b,  g-wg  Drosophila  f  wr 

-r  wh  bk-b,  g -wg f h F
1
 

gr  w     :

407 gry-b,  g-wg  f

396 bk-b,  g-wg  f

75 bk-b,  g-wg  f

69  gry-b,  g-wg  f

)  s h m r   r g w g.  [1]

b)  iy  whh   h  f wr rmb.  [2]

 th F
1
 gr     w M  w  

p rm.  

)  ( )     s h xp r r    r h w 

M  w  p rm.  [2]

( )  exp  hw h br  r    h  

r,  g   ky    h ymb    

r h  .  [5]

5.  th b  hw rq  aBo b  grp   hr 

pp h   br  wh  h  hr.

Pp
Frqy  (%)

o a B aB

am (i) 9 60 23 9

nj  (n.  amr) 73 27 0 0

Kmyk (Mg ) 26 23 41 11

)  cmpr h rq  h i a,  i B            

h hr pp.  [5]

b)  sgg w r r h  r.  [2]

)  sgg w pr h    h  b   

grp rq   hg     pp.  [2]

)  s  h  rm   r    h        

rbrg pp.  [1]

6.  i  h p Allium schoenoprasum  (h)  my   

 p h 16 hrmm   my  h 32.  

sm r mbr  p h 24 hrmm.  

)  th p wh  16   24 hrmm r 

rpry  ,   wh grwg  

ghr.  exp  h    h.  [4]

b)  s w hr   rpr .  [2]

)  d whhr h p wh  16    

32  hrmm r pr p.  [4]
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Ate ad aer

sUBsTAnCEs on  CEll sURFACEs  
A   v ra ave rte ad ter ubtace 

  te aa ebrae  te urace  ter ce,  

eeca  rte. se ra ave a  ce   wa  utde 

ter aa ebrae ade  accarde r 

ter ubtace. Tere   uc varet    te te  

ubtace  te urace  ce tat ever  ece a 

uque ecue.  

Vrue are t cdered  v ra ad are t 

ced  ce,  but te a ave uque ecue 

 ter urace. Te urace  t vrue  a  rte  

cat (cad) .  Te cad   e vrue  eveed   a  

ebrae take r te aa ebrae  te t ce  .  

Te ae bew w te cad   a adevru.

Uque urace ecue are ued    evera  wa:

  vrue recze ad  bd  t  ter t u ecue 

  te urace  te t ce 

   v ra recze ter w  ce  ad  ce   te 

u urace ecue

   v ra recze ce  tat are  t art  te 

ra ad  a vrue b  urace ecue tat are 

t reet   tat ra (re) .  Tee ecue 

trer te rduct   atbde,    te  are ate.  

AnTigEns on  RED BlooD CElls
Te ABo  bd  ru te  baed    te reece r 

abece  a  ru  crte   te ebrae  

red  bd  ce .  gcrte   t ru caue atbd  

rduct   a  er de t atura   e te, 

 te  are kw a ate.  o,  A ad  B  ate are 

tree deret ver  te  crte.  Te o  ate  

 awa reet.  Te A ate  ade b  add a  

n-acet-aactae ecue  t  te o  ate,  ad  te  B  

ate  ade b  add aacte.

O antigen

A antigen

B antigen

Bd  ru Ate 

reet

Ate tat caue 

atbd  rduct

o o A r B  (A,  B  r AB bd)

A o ad  A B (B r AB bd)

B o ad  B A (A r AB bd)

AB o,  A ad  B ne

hisTAminE AnD AllERgiEs
Tw te  ce     te bd  ecrete tae:  

  ba,  wc  are a  te  wte  bd  ce   

  at ce,  wc  are ar t  ba but are ud    

cectve tue.

htae  ecreted   ree t ca  ect ad  

caue te dat  te a  bd vee   te ected  

area. Te vee bece eak, crea te w  

ud  cta ue cet t te ected area  

ad a w tee cet t eave te bd vee,  

reut   bt  ecfc ad -ecfc ue ree.

Aere are react b te ue te t ubtace 

  te evret tat are ra  are, uc a e,  

bee t r ecfc d, r exae eaut. subtace 

  tee aere caue ver-actvat  ba ad at 

ce ad terere exceve ecret  tae. T 

caue te t acated wt aere: aat  

 tue, tc, ucu ecret ad eez. htae 

 a cated  te rat  aerc rae ad   

te daeru we kw a aaax. T ee te 

eect  a erc ree, at-tae dru ca be ued.

hosT spECiFiCiTy oF pAThogEns
se ate are ece-ecfc ad    ect 

eber  a  e  ece.

Examples:

p,  eae ad      aect ua.

oter ate ca  cr ece barrer,    ca  be 

tratted  r ected  eber  e ece t  

uected  eber  ater ece.  

Examples:

Tubercu ca  ect bt  catte  ad  bader ad  ca  a 

  k r catte  t  ect ua;  rabe ca  a r 

ected  d t  ua.  A d eae tat ca  be aed  t  

ua r ter aa  ca ed  a  z.
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Antibody roduction

sTAgEs in  AnTiBoDy pRoDUCTion   
Te rduct   atbde b  te ue te  

e  te t rearkabe bca  rcee.  We  a  

ate vade te  bd,  te ue te ear u  

t  rduce are aut  te ecfc atbde eeded  

t  cbat te ate.  T rce   take a  ew 

da.  Te rduct   atbde b  B-ce  w   a  

fed r   Tc 6 ad   exaed re u  ere.  

1 .  Activation  of heler T-cells

heer T-ce  ave atbd- ke recetr rte   ter 

aa ebrae t wc e ecfc ate ca bd.  

We te ate bd, te eer T-ce   actvated. Te 

ate  brut t  te eer T-ce  b  a  acrae  a  

te  actc wte bd.

inactive  helper

T-cel l

activated  helper

T-cel l

antibody-l ike

receptor

protein

activated  helper

T-cel l

antigen  presented

by  macrophage

2. Activation  of B-cells

iactve B-ce ave atbde   ter aa ebrae.  

i tee atbde atc a ate, te ate bd t  

te atbd. A actvated eer T-ce  wt recetr r 

te ae ate ca te bd t te B-ce .  Te actvated  

eer T-ce  ed a  a  t te B-ce ,  actvat t.

inactive  B-cel l
antigen  binds to  antibody

in  membrane of B-cel l

antibody

Activated  helper T-cel l

binds to  B-cel l

Activated  helper T-cel l

sends a  signal  to  

activate  the  B-cel l  

3. production of lasma cells

Actvated B-ce tart t dvde b t t r a ce 

 ce. Tee ce bece actve, wt a  uc reater 

vue  cta. Te are te kw a aa ce.  

Te ave a  ver  exteve etwrk  ru edac 

retcuu. T  ued r te  are aut  

atbd, wc  te ecreted b  exct.

plasma  cel l

4. production of memory cells

mer ce are B-ce ad  T-ce tat are red at 

te ae te a actvated eer T-ce ad B-ce,  

we a  deae caee te ue te. Ater te 

actvated ce ad te atbde rduced t ft te 

deae ave daeared, te er ce ert ad  

a w a  rad  ree  te deae  ecutered aa.  

mer ce ve -ter ut  t a  deae.

ThE RolE oF AnTiBoDiEs
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Te dara (abve)  w te tructure  a  atbd  

ecue (a ubu) .  Te t  te varabe re  

are te ate bd te.  Te ctat re  te art 

 te ecue tat ad te detruct  te ate.  

Tere are deret ver  te ctat re, wc ue 

deret tactc t detr te ate. Fve are uted ere:

  ak a  ate re reczabe t  acte  

te  are re read  eued.  

  revet vrue r dck t  t ce  

  eutra z tx rduced  b  ate 

  bd t  te urace  a  ate ce   ad  burt t 

b  cau te  rat   re

  tck ate teter (autat)   te cat 

eter t ce ad acte ca et te re ea.
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Vaccination and monoclonal  antibodies 

pRoDUCTion  oF monoClonAl AnTiBoDiEs 
lare quatte  a  e te  atbd  ca  be ade u 

a  eu tecque. Ate tat crred  t a  dered  

atbd  are jected  t a  aa .  paa ce  rduc 

te dered  atbd  are extracted  r te aa.  Tuur 

ce  tat rw ad  dvde ede  are btaed  r a  cuture.  

Te plasma cells  are ued  wt  te tumour cells  t  rduce 

hybridoma cells,  wc dvde ede  t  rduce a  ce  e 

ecfc te  brda ce  .  Te brda ce  are cutured  

ad  te atbde tat te  rduce are extracted  ad  urfed.  

Te atbde rduced  b  t etd  are ca ed  monoclonal  

antibodies  becaue te  are a   rduced  r e ce  

brda ce ,    are detca .

mca  atbde are ued    a  deret wa.  oe ue 

   reac  tet kt.  Te ure   reat we cta 

Cg,  a  rte  ecreted  b  te  deve ebr ad  ater b  

te  aceta.  preac  tet kt cta  ca  atbde 

t  wc  Cg bd.  T caue a  cured  bad  t  aear,  

dcat tat te Cg wa reet   te ure  ae ad  te 

wa w rduced  te ure  reat.  
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VACCinATion
Vacce cta ate tat trer ut t a  deae wtut actua  

cau te deae   te er w  vaccated. mt vacce cta  

weakeed r k ed r  te ate. se vacce jut cta te  

ceca  tat act a te ate. Te vacce  eter jected t te bd r 

ete wawed. Te rce  vaccat  tat ate   te vacce 

caue te rduct  te atbde eeded t ctr  te deae. sete 

tw r re vaccat are eeded t tuate te rduct  eu 

atbde. Te fure (rt)  w a  tca  ree t a  frt ad ecd  

vaccat aat a  deae. Te frt vaccat caue a   tte atbd  

rduct ad te rduct  e er ce. Te ecd vaccat,  

ete caed a  bter t, caue a  ree r te er ce ad  

terere ater ad reater rduct  atbde. mer ce rduced a a  

reut  vaccat ud ert t ve -ter ut.
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AnAlysing EpiDEmiologiCAl DATA 
Ede   te  tud   te dtrbut,  atter ad  

caue  d eae   a  uat.  Edeca  data  ca  

be ued  t  e  a  vaccat  rrae,  uc a te 

rrae aed  at e at  .  Cae are tred  

careu   t  fd  ut were urter vaccat   requred  t  

ve te uat  ut  ad  revet urter read   

te deae.

es
ti
m
a
te
d
 n
u
m
b
er
 o
f 
p
o
lio

 c
a
se

s 
p
er
 y
ea

r

1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

years

2000 2002 2004 2006 2008 2010

3,500

3,000

2,500

2,000

1,500

1,000

500

0

JEnnER AnD smAllpoX VACCinATion
sa x wa te frt ectu deae  ua t  

ave bee eradcated  b  vaccat.  T wa de b  a  

wrdwde vaccat  rrae   te 1960 ad  70,  

wt  te  at ever cae  te  deae   1977.  sa x 

wa a  te  frt d eae r wc  a  vacce wa teted  

  a  ua. i  1796 Edward  Jeer de berate  ected  

a  8-ear-d  b  wt  cwx u u r a  b ter  a  

kad  wt  t d eae.  he  te  tred  t  ect te b  

wt  a x,  but ud  tat e wa ue. Cwx  a  

e vruet deae caued  b  vrue ar eu t  

te a x vru r atbde rduced    ree t  

cwx t  ve ut  t  a x.  Jeer te  teted  

 rcedure   23  ter ee cud e.

Tda  Jeer tet wud  be  cdered  etca   

uaccetabe a te  vved  a  cd  t u t  

udertad  te daer w cud  t terere ve 

red  cet,  ad  e  ad  t frt de tet t  fd  

ut  te vacce ad  aru  de-eect.  
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muscle

sTRUCTURE oF sKElETAl mUsClE
skeeta  uce  attaced  t  be ad  caue 

veet  aa  bde.  i t ct  are 

utuceate ce  ca ed  uce fbre.  Wt  eac  

uce fbre are c drca  tructure ca ed  yofbrils  

ad  arud  tee  a  eca zed  te  edac 

retcuu  te  sarcoplasic reticulu .  Tere are a 

tcdra  betwee te fbr.

mfbr ct  reeat ut ca ed  arcere,  

wc  ave  t ad  dark bad.  Te  t ad  dark bad 

exted  acr a   te fbr   a  uce fbre,  v t 

a  trated  (tred)  aearace.  Eac  arcere  abe  t  

ctract ad  exert rce.  

nucleus

(one of many)
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sarcolemma  (membrane

of muscle  bre
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mEAsURing sARComERE lEngThs WiTh  lighT miCRosCopEs
Te ae   te rt  a   t crra  

keeta  uce fbre w re ta  e 

uceu er fbre ad  a   t ad  dark bad.  

Ue tee truct t  eaure te  et   

e arcere:

1.  meaure te dtace     etre r 

te tart  e dark bad  t  te  tart  a  

dark bad  te  bad awa.  

2.  Dvde b  te  t  fd  te et   e 

arcere   te  crra.  

3 .  Cvert t et      etre t  

cretre b  ut b  a  tuad.  

4.  Fd  te actua  et   a  arcere b  

dvd t et  b  te afcat   

te crra,  wc   200 .  

sarcere et ca  a  be eaured  

u a   de  keeta  uce ad  a   t 

crce wt  a  eyepiece scale.  A   te 

etd  abve,  t   bet t  eaure te et  

 te  r re arcere ad  dvde t  fd  te 

et   e.  

Te eeece cae  de t ave ut   t 

ad  ut be  calibrated  u a   de tat a a  

accurate  cae   kw et arked    t.  

T te   de  ca ed  a  stage icroeter.  

Ca brat  w w a  cretre eac  

dv   te eeece cae  rereet.

0

eyepiece scale

stage micrometer

10 20 30 40 50 60 70 80 90 100

sTRUCTURE oF A sARComERE
A arcere    a  ubut  a  fbr  .  At eter 

ed    a  Z  e  t  wc  arrw act  faet 

are  attaced.  Te act  faet tretc  ward 

tward te  cetre   te  arcere.  Betwee 

te,  tere  are  tcker   faet,  wc  

ave ead tat r cr-brde b  bd 

t  te  act.  Te art  te  arcere cta 

    te  dark bad  ad  te  art cta 

  act  faet   te   t bad.  Te fure 

(rt)  w te  tructure   a  arcere.
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ConTRACTED AnD 
RElAXED mUsClE 
FiBREs in  ElECTRon  
miCRogRAphs
Ctract   trated  (keeta)  

uce ake te  t bad 

arrwer ad  te arcere rter.  

Te eectr  crra w reaxed  

uce wt  wde  t bad (ar et)  

ad  u   ctracted  uce wt  ver  

arrw  t bad (ear et) .

muscle contraction

sliDing FilAmEnTs AnD ConTRACTion
Te ctract   te keeta  

uce  aceved  b  te sliding 

o actin  and  yosin  flaents  

ver eac  ter.  T u  te  

ed  te arcere teter,  

ak te uce rter.

Te  d  te  aet  

a  actve rce ad  requre 

te ue  eer  r ATp.  Te 

dr  e ecue  

ATp rvde eu  eer  r a  

  aet t   de a  a   

d tace a a  act  aet.  

A reeated  cce   evet  ued  

t  ctract uce ufcet  t  

ve art  a  aa  bd    

te dered  wa.

ConTRol oF mUsClE ConTRACTion
We a  tr eur  tuate a  trated  uce bre,  

calciu ions  are  reeaed  r te arcac retcuu 

de te bre.  Te cacu bd t  troonin ,  a  rte  tat 

 acated  wt  te act  aet   uce.  Te cacu 

caue te ae  tr  t  cae ad  t caue te 

veet  trooyosin ,  ater rte  acated  wt  

act,  ex bd te   act.  T a w   

ead t  r cr-brde b  bd t  act.

Radactve cacu (45Ca)  a bee  ued  t  vetate 

te ctr   uce  ctract.  Fr exae,  u 

autradra  t wa w tat radactve cacu  

ccetrated    te re   vera betwee  act  ad  

  aet   ctracted  uce,  but t   reaxed  

uce.  T  becaue cacu  are bud  t  tr,  

a  w cr-brde rat  ad   d  aet.

ThE mEChAnism  oF mUsClE ConTRACTion
Te  d  act  aet ver   aet tward te cetre  te arcere  aceved  b  a  reeated  cce   

tae,    wc  cr-brde are  red  ad  brke  ad  eer   reeaed  b  te dr  ATp.  

MOVEMENT

ATP binds to  the  myosin  heads

and  causes them to  break the

cross-bridges by  detaching from

the binding sites.

2

Myosin  laments have heads which

form cross-bridges when  they  are

attached  to  binding sites on  actin

laments.

1

The ADP is  released  and

the heads push  the  actin

lament  inwards towards

the centre  of the sarcomere.

This  is  cal led  the  power stroke.

5

The heads attach  to  binding sites on

actin  that  are  further from the  centre of

the sarcomere than  the previous sites.

4

ATP is  hydrolysed  to  ADP

and  phosphate,  causing the

myosin  heads to  change

their angle.  The  heads are

said  to  be cocked  in  their

new position  as they  are

storing potentia l  energy

from ATP.

3

ADP
ADP P

ATPADP
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Z Z
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moveent

mUsClEs AnD moVEmEnT
muce rvde te rce tat ve aa  bde.  A 

uce   exert rce we  te  ctract ad  t 

we  te  reax ad  ete,  a  uce  ca    caue a  

veet   e drect.  Fr te  veet tere 

a t  be a  ar  uce tat exert rce   te  

drect  a  antagonitic pair   uce.

muce are tca  eated tructure, wt ted 

r attacet at bt ed. oe ed  te uce  

te acrae, wc  a  fr t  attacet tat de 

t ve we te uce ctract. Be are ued a 

anchorage    ua ad ter vertebrate. i  ect ad  

ter artrd te exkeet rvde te acrae.  

Te te ed  te uce r te acrae  te 

inertion .  Be ad exkeet are aa ued r uce 

ert. muce ctract caue te be r ect  

 exkeet r te ert t ve, teter wt  

urrud tue. Be ad exkeet ca cae te 

ze ad drect  te rce exerted b  a  uce,  te act 

a lever.  

ThE ElBoW JoinT

humerus bone  

provides a  rm

anchorage for the

muscles 

triceps    the

extensor muscles,

used  to  straighten  the arm

synovial  uid  

lubricates the joint

to  reduce frictiont

biceps    the  exor

muscle,  used  to  bend

the arm at  the  elbow

cartilage    a  layer of smooth  and  tough t issue that  covers

the ends of the bones where they  meet  to  reduce friction

tendon    attaches

muscle  to  bone

radius    bone that  is  the  insertion

for the  biceps and  acts as a  lever

transmitting forces from the biceps

through  the forearm

ulna    bone that  is  the 

insertion  for the  triceps

and  acts as a  lever

transmitting forces

from the  triceps

through  the  forearm

joint  capsule  

seals the  joint

synoViAl JoinTs 
Juct betwee  be are ca ed  joint.  se jt are 

fxed,  uc  a jt betwee te ate  be   te ku  .  

oter jt a w veet (artcuat) .  mt  tee are 

ynovial  joint .  Te  ave tree a  art:

  Cartilage  cver te urace  te  be t  reduce 

rct  were te  cud  rub aat eac  ter.  

  synovial  fuid  betwee te cart ae-cvered  urace,  t  

ubrcate  te  jt ad  urter reduce rct.

  Joint capule  tat ea te jt ad  d   te 

va  ud.

Tere are a  l igaent  wc  are tu  crd  tue 

cect te be   te  de  a  jt.  Te  

retrct veet ad  e  t  revet dcat.  

laet eure tat certa  veet ca  ccur at a  

va  jt but t ter.  Fr exae te ebw a w 

cderabe  veet   e ae:  bed (ex)  r 

trate (exte) ,  but   tte  veet   te ter 

tw ae.  

AnTAgonisTiC mUsClEs in  An  insECT lEg
iect ave  a  jt   ter e,  t  wc  

ve   e  ae  ad  ca  eter ex (bed)  r exted  

(tra te) .  A ar  atatc uce caue tee 

te  veet.

Fr exae    te  e  crcket tere  are  tw  are 

uce de  te  eur.  Te  ted at te  d ta   ed 

 tee  uce are  attaced  t  te  de  te  

exkeet   te  tba ,    e   te   a  exr  te 

j t betwee  te  eur ad  tba  ad  te  ter   a  

exter.  

extensor muscle

exor muscle

exoskeleton

of tibia

exoskeleton

of femurtendons
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Excretin  and smreulatin

EXCRETion
metab c atwa are ca ad  cce  react   

 v ce  ued  t  bu d  u  ad  break dw bceca.

i  a   ra te etab c atwa rduce wate 

rduct tat wud  be txc  te  were a wed  t  

accuuate   ce ,    te  ut be  reved.  

Te reva  r te bd   teta   txc wate 

rduct  etab c atwa  excretin .  

n iTRogEnoUs WAsTE pRoDUCTs
Tree treu cud are excreted  b  aa:  

aa,  urea  ad  urc acd.  Te tabe  bew w 

wc   tee cud are  excreted  b  te a  

ru  aa:

Waste prduct grups in  which this is the main  

nitrenus waste prduct

Ammnia rewater f

aba  arvae

Urea are aa  

terretra  aa 

are f  

adut aba

Uric acid brd  

ect

Tw tred ca  be ee    t tabe.

1 .  Te te  te  treu wate   aa  

crreated  wt  habitat.  

  Ammnia   txc ad  a t  be excreted  a a  ver  

d ute ut,    a  are vue  water  requred.  

i t   terere    excreted  b  aa tat  ve   

water,  were abudat u e  water are awa 

avaabe.  

  Urea   e txc,    ca  be excreted  a a  re 

ccetrated  ut,  wt  e   water.  

Cver   aa  t  urea  requre eer  but  t 

  wrtwe   a  aa  eed t  cerve water.

  Uric acid    t txc eve we ccetrated  

 uc tat  t rectate t  r a  e- d  

ate.  Cver   aa  t  urc acd  requre 

uc eer,  but t   wrtwe  r aa tat 

 ve   ard  abtat  eed  t  cerve a uc 

water a be.  i t a  beeft aa tat 

,  a a  ccetrated  ate  urc acd  cta 

e water ta  d ute  ure,  reduc bd  a 

dur t.  

2.  Te te  treu wate   aa  crreated  

wt  evlutinary histry .  Fr exae,  aa 

excrete  urea,  eve  tu  e aa uc  a 

beaver ad  tter  ve   aquatc abtat ad  d t 

eed  t  cerve water ad  reuab  cud  excrete 

aa    a  are vue  d ute ure,  but tead  

te  excrete urea,   ke  terretra  aa.  

osmoREgUlATion
Water ve t  ad  ut  ce  b  .  Te drect  

  wc  water ve  detered  b  drtatc reure 

ad  ute ccetrat.  i  te reure are equa ,  water 

ve r a  wer t  a  er ute ccetrat  b  

.  lv ra ca  ctr  te veet  

water b  adjut te ute ccetrat  ter ce  

ad  bd  ud.  T  smreulatin    ctr   te 

tera  ute ccetrat   a   v ra.

osmoConFoRmERs AnD 

osmoREgUlAToRs
ma are ra aw ter tera  ute ccetrat  

t uctuate wt tat  te water arud te  te d t 

attet t ata ctat tera  ut ccetrat.  

Tee ra are smcnfrmers.

Examples:  qud ad  ea  qurt.

A dadvatae  be a  crer  tat 

ce  de te bd  a  t cta  te dea  ute  

ccetrat  r bd  rcee.

mt terretra  ra are smreulatrs  becaue te  

ata  a  ctat tera  ute ccetrat,  watever 

te extera  ute ccetrat.  

Example:  ua.  

A dadvatae  be a reuatr  tat eer a 

t be ued t kee ute ccetrat   te bd ctat.

Osmoconformers Osmoregulators
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concentration

external  solute

concentration

DEhyDRATion  AnD oVER-hyDRATion  
T exa  dedrat  ad  ver-drat    

reuatr,  tree ter are requred:

istnic    a  ute ccetrat  equa  t  tat  ra  

bd  ud;  hyptnic    a  wer ute ccetrat  

ta  ra  bd  ud;  hypertnic    a  er ute 

ccetrat  ta  ra  bd  ud.

Dehydratin   due t   water r te bd, but t 

a equvaet quatt  ute,  bd ud bece 

ertc. Te cequece are trt, a  quatte  dark 

cured ure, etar, a raed eart rate, w bd reure 

ad  evere cae ezure, bra daae ad deat. over-

hydratin   due t exceve take  water,  te bd ud 

bece tc. Te cequece are beavur cae,  

cu, drwe, deru, burred v, uce cra,  

auea ad  acute cae ezure, ca ad deat.
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Kidney structure and ultrafltration

sTRUCTURE AnD FUnCTions oF ThE 

KiDnEy
Te kde  a tw uct,  excret  ad  reuat.

Te  d ara  (bew)  w te  tructure   te  kde .  

Te  cortex  ad  medul la  cta   a  arrw tube 

ca  ed  nephrons .  Te  rea   e v  ct     

tue  t  w c  ure  d ra   r  c ect duct.  

renal  artery

renal  vein

ureter

(carries

urine to

the bladder)

cortex

medul la

pelvis  of

kidney

sTRUCTURE oF ThE nEphRon
Te fure (bew)  w te tructure   a  er,  

teter wt  te acated  glomerulus .  A ru  

er j  u  t  r e collecting duct.

aerent

arteriole

eerent

arteriole

glomerulus proximal

convoluted

tubule

distal  convoluted

tubule

Bowmans capsule

CORTEX

MEDULLA

col lecting duct

descending l imb

ascending l imb

loop of

Henl

  Te eruu ad  Bwa caue  rduce a  ftrate 

r te bd  b  ultrafltration .  

  Te rxa  cvuted  tubue traer ueu  

ubtace r te ftrate back t  te bd  b  

selective reabsorption .  

  Te   he etab e   ute ccetrat 

  te edu a,    ertc ure ca  be rduced.

  Te dta  cvuted  tubue adjut dvdua  ute 

ccetrat ad  te h   te  bd.

  Te c ect duct carre ut osmoregulation  b  var 

te aut  water reabrbed.  

UlTRAFilTRATion  in  ThE glomERUlUs
Te eruu  a  kt- ke ba    bd  ca are.  A   

ca are et e ud  eak ut but 20%  te aa ecae 

r eruu ca are wc   a  ver  are aut.  Tere 

are tw rea:

  ver  bd reure, becaue te vee  tak bd  awa  

r te eruu  arrwer ta te vee  br bd

  a are re (eetrat)    te ca ar  wa .

Tee re wud  a w a  ecue tru,  but tere  are  

tw fter bed  te re tat   a   t  edu zed  

artce ca  a tru (68,000 ecuar a r e) :

  basement membrane    a  e    te  utde  te ca ar,  

wt  a   a tru  a  e  rte  fbre

  fltration  slits    arrw a betwee  te t rce  

podocyte  ce  were te  wra arud  te ca are.

Te ftrate tat eter te Bwa caue cta a   

ubtace   bd  aa excet aa rte.
nucleus of capi l lary  wal l  cel l

basement

membrane

red  blood  cel l

blood

plasma

fenestrated

wal l  of

capi l lary

Podocytes  strangely-shaped  cel ls  

forming the inner wal l  of the  Bowmans capsule,  

with  foot  processes that  wrap around  the 

capi l laries and  form ltration  sl its
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Urine prductin and smregulatin

sElECTiVE REABsoRpTion
lare vue  eruar ftrate are rduced  abut e 

tre ever 10 ute b te tw kde. A we  a wate 

rduct, te ftrate cta ubtace tat te bd eed,  

wc ut be reabrbed t te bd. mt  t eectve 

reabrt ae  te prximal cnvluted tubule. Te 

wa   te er ct  a e aer  ce. i te 

rxa cvuted tubue te ce ave micrvilli  rject 

t te ue (rt) , v a are urace area r abrt.  

pu  te ebrae reabrb ueu  ubtace b active 

transprt, u ATp rduced b mitchndria   te ce. A   

te uce  te ftrate  reabrbed. Abut 80%  te era  

, cud du, are reabrbed. Actve trart  ute 

ake te tta  ute ccetrat er  te ce  te wa  

ta  te ftrate  te tubue. Water terere ve b  

r te ftrate t te ce ad  t te adjacet bd.

lumen

containing

ltrate
basement  membrane

invaginations of

outer membrane

microvil l i
mitochondria

RolE oF ThE loop oF 

hEnl
geruar ftrate w dee t te 

edua    deced  b  te  

 he ad  te  back ut t  te crtex 

  aced  b.  Deced  b ad  

aced  b are te    ter 

 ereab t.  Deced  b are 

ver  ereabe t water but are reatve  

ereabe t du . Aced 

 b are ver  ereabe t  du  

but are reatve  ereabe t water.

Aced  b u du  

r te ftrate t te edua  b  

actve trart,  creat a   ute 

ccetrat    te edua.  A te 

ftrate w dw te deced 

 b t t re    ute 

ccetrat,  e water  draw ut 

b  .  T dute te ud   te 

edua   t.  hwever te ftrate tat 

eave te   he  re dute 

ta te ud  eter t,  w tat 

te vera   eect  te   he  

t  creae te ute ccetrat  

te edua.  T  te re  te   

he  t  create a  area   er ute 

ccetrat   te edua  ta   

ra  bd  ud (ertc) .

Ater te   he, te ftrate ae 

tru te dta  cvuted tubue, were 

te  ca be excaed betwee te 

ftrate ad te bd t adjut bd eve.  

it te ae t te cect duct.

Te dara w veet  water 

ad  du    te   he ad  

te c ect duct.  Ccetrat  

ute de  ad  utde te er 

are w a a  ercetae  ra  

bd  ute ccetrat.

ADh  AnD 

osmoREgUlATion
osmregulatin    te ctr  

 ute ccetrat   te  

bd  ud,  eeca   te bd  

aa. Te c ect duct a a  

rtat re    reuat.  

i  te water ctet  te bd   

t w,  te tutar  ad  ecrete 

ADh  (at-duretc re) ,  

wc   a  ete ca ed  

vare.  T re ake 

te ce   te c ect duct 

creae te ereab t   ter 

aa ebrae t  water.  

Te ce  d  t b  utt water 

cae,  ca ed  aquar,  t  

ter ebrae.  A te ftrate 

ae dw te  c ect duct 

tru  te edu a,  te   ute  

ccetrat   te edu a  caue 

uc  te water   te  ftrate t  

be  reabrbed  b  .  ADh   

ecreted  we te tera  ute 

ccetrat   bd  ud  

t   ad,  a t caue a  a   

vue  ccetrated  ure t  be 

rduced,  te reut   tat te bd  

aa bece re d ute.

i  te ute ccetrat   bd  

ud  t w,  ADh   t ecreted  

ad  te  c ect duct bece 

uc e ereabe t  water b  

reva   aquar r t 

ebrae.  o  a  a   aut 

 water  reabrbed  a te ftrate 

ae dw te  c ect duct 

ad  a  are vue  d ute  ure 

 rduced,  ak te ute 

ccetrat   te bd  er.  
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FilTRATE AnD URinE ConCEnTRATions
Te tabe  bew w derece   ct  betwee 

bd    te  eruu,  ftrate at varu t   te 

er  ad  ure.

Ccetrat  ( er 100)

paa 

rte

guce Urea

Bd    eruu 740 90 30

geruar ftrate 0 90 30

Ftrate at tart   

 he

0 0 90

Ftrate at ed    

 he

0 0 200

Ure wt  ADh 0 0 1800

Ure wtut ADh 0 0 180

BlooD in  ThE REnAl ARTERy AnD VEin
Te ct   bd   atered  a t w tru  te 

kde,    tere are derece betwee  bd    te  rea  

arter  ad  ve.

Car   

ccetrat

Rea r 

d erece 

betwee rea  

arter  ad  ve
Rea  

arter

Rea   

ve

xe er wer aerbc rerat  

t  rvde ATp r 

kde  uct
carb  

dxde

wer er

uce  t  

er

 t  

wer

ue  uce   

aerbc rerat

urea er abut 20% 

wer

excret   urea  

  ure

aa 

rte
equa

t added  r 

reved

du ad  

crde 



varabe awa 

at ra  

eve

kde  rae 

r wer 

ccetrat t  

raze te

URinE TEsTs
sae  ure are ea  btaed  ad  ca  be teted  r 

te reece  abrate tat are dcatr  d eae:

Blood cells    ter reece  caued  b  a  varet   

d eae cud ect ad  e cacer.  

glucose    a t awa dcate dabete.

proteins   ver  a  aut  rte   te ure are  

ra  becaue e rte uc a te re Cg 

ad u  are a  eu t be ftered ut  te bd, but 

arer aut  rte   ure are a    kde deae.  

Drus    a  dru a ut  te bd    te ure  tet 

ca w  a  er  a  dru abuer,  eter r recreata  

rea r t  a  uar advatae   rt cett.

TREATmEnT oF KiDnEy FAilURE
Kde  aure  a  eru cdt  becaue tx bu d  u  

  te bd  ad  ute ccetrat are t ataed  at 

te ra  eve .  Utreated  kde  aure  ake te  atet 

ee  crea      ad   evetua   ata .  Tere are tw 

arace t  te  treatet  kde  aure.  

1 .  hemodialysis

Bd   draw ut  a  ve    te ar ad  aed  tu 

a  kde  ace r 3  t  4 ur,  3  te er week. Te 

bd  w ext t  a  e-ereabe da ebrae 

wt  daate (da ud)    te ter de.  pre 

tru te ebrae a w a  artce t due 

  eter drect,  but aa rte ad  ce  are 

retaed    te bd. Daate a tee eature:

   urea  r ter wate rduct  te  due r 

te bd  t  te ud  

  dea  ccetrat  uce ad  ter etab te 

 dea  ccetrat are  aceved    te bd  b  

du  t  r r te ud

    cacu ad  w tau ccetrat t  

extract tau ad  add  cacu t  te  bd

  drecarbate  (hCo
3

- )  t  reduce te 

acdt   te bd

  a  tta  ute ccetrat  tat w   caue exce 

water t  be  reved  r te bd  b   

acr te d a ebrae.
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2. Kidney translants

Da ca  kee atet a ve r ear,  but a  better 

-ter treatet  a  kde  traat.  sete 

a   v dr rvde e  ter tw kde r 

traat ad    ter cae te kde  a  er 

w a recet  ded  are dated  t  tw atet 

eed a  traat.  i t   eeta  tat te dr ad  

recet are   te  ae bd  ru ad  ter tue 

atc  a ce  a be  t  ze te cace 

 reject   te  kde  b  te recet ue 

te. Te ew kde   rated    t  te wer 

abde wt  te rea  arter,  rea  ve  ad  ureter 

cected  t  te recet bd  vee ad  badder.
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Excretion  and osoregulation in  anials

EXCRETion  AnD WATER ConsERVATion
Te axu ute ccetrat   ure vare 

cderab  betwee ece. T bervat ed  t  

reearc  t te kde     d eret ece ad  

  artcuar w deert aa are abe t  cerve water 

b  rduc ver  ccetrated  ure. T reearc  reveaed  

e  te bac    a   aaa kde   a  

d  exae  w curt  abut a  artcuar ee  

ca ead  t rre   cece.  

Te tabe bew w te axu ute ccetrat   

(msC)  ad  ccetrat actr  ure (CF)  ad  te abtat:

sece msC (o d- 3 ) CF habtat

beaver 520  2 aquatc

ua 1200  4 teredate

brw rat 2900  9 teredate

kaar rat 5500  18 deert

 ue 9400  25 deert

ltuda  ect tru te kde  aa  

aquatc,  deert ad  teredate  abtat w fcat 

derece.  oe exae  eac   w (bew) .  Tee 

ece w a  eera  tred    aa:  tere   a  tve  

crreat  betwee te tcke  te edu a  cared  

t  te vera   ze  te  kde,  ad  te eed  r water 

cervat.  T  becaue a  tcker edu a  a w te 

  he ad  c ect duct t  be  er,    re 

water ca  be reabrbed  ad  te ure ca  be ade re 

ccetrated.

Human

Beaver cortex

Steppe lemming

medul la

pelvis

ThE mAlpighiAn  TUBUlE sysTEm
Te crcuatr  te  ect ue e rater ta  bd. he  ued b  a  vee  tat ru r te 

abde rward tru te trax t  te ead.  Brace  t vee  carr  te e t deret art  te bd  ad  

t  te  reeaed  ad   ree t w radua  tru tue ut  be draw back t te vee  r re-u. Bd  ce  

are terere bated    e ad  reeae wate rduct t t.

Betwee te dut ad  dut 

 ect tere   a  r  

arrw b d-eded  duct,  ca ed  

malpighian  tubules,  wc  exted  

tru  te  bd  cavt   te 

ect.  Ce    te tubue wa  

extract wate rduct r te 

e ad  a te t 

te ue  te tubue.  Aa  

 extracted  ad  cverted  b  

maa  tubue ce  t  

urc acd.  

T  create  a  w  ud  tat w   

carr  urc acd  ad  ter wate 

rduct a te  maa  

tubue t  te dut,  ce    

te tubue wa   traer era  

 b  actve trart r te 

e t  te ue  te 

tubue ad  water  w ave  

b  .  Te ut  tat  

rduced    t wa  dra t  

te ue  te dut were t 

xe wt  te e-deted  d.  

Te xture  carred    t  te at 

ect   te ut  te rectu. 

mera   are ued  b  ce  

  te wa    te rectu r te 

ece   te rectu t  te e ad  aa  water  w ave  b  .  B  v ute ad  water t  ad  ut 

 te e,  te maa  tubue ad  rectu teter revet dedrat  ad  aceve reuat.

rectum

h ind  gu t

abdomen

Ma lpigh ian

tubu les
m id  gu t

thorax

head

mid  gut rectumhind  gut

uric  acid

uric acid

Malp
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n  tu
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Cl-Na+
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+

water
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spermatogenei

Te crra  

(et)  w te  

tet tue.  mt 

 t   eeru 

tubue.  Te tubue 

wa  rduce er.

sTAgEs in  spERmATogEnEsis
Te fve tae  eratee are w  t dara  ce  te wa   te eeru tubue.  

primary

spermatocyte

secondary

spermatocyte

spermatids

basement  membrane spermatogonium

6   Sperm detach  from
Sertol i  cel ls  and
eventual ly  are  carried
out  of the testis  by  the
uid  in  the centre of the
seminiferous tubule.

1    An  outer layer cal led
germinal  epithel ium cel ls

(2n) divide  endlessly  by

mitosis  to  produce more

diploid  cel ls  (2n) .

2    D iploid  cel ls  grow into
larger cel ls  with  more
cytoplasm and  become
primary spermatocytes (2n) .   

4    Each  secondary
spermatocyte  carries
out  the  second  division
of meiosis  to  produce
two spermatids  (n) .   

5     Spermatids become associated
with  nurse cel ls,  ca l led  Sertol i  cel ls,
which  help  the  spermatids to  develop
into spermatozoa  (n) .  This  is  an
example of .   

3     Each  primary
spermatocyte  carries out
the 
to  produce two  secondary
spermatocytes  (n) .   

sTRUCTURE oF hUmAn  spERm

mid-piece (7  m long)  

centriole
plasma
membrane

h
e
a
d
 (
3
 
m
 w
id
e
 a
n
d
 4
 
m
 lo

n
g
) Acrosome  contains enzymes 

that  d igest  the  zona  pel lucida  
around  the egg

Haploid  nucleus  contains the
23  chromosomes that  are
passed  from father to  ospring 

Hel ical  mitochondrion   
produces ATP 
by  aerobic respiration  
to  supply  energy  for 
swimming and  other 
processes in  the sperm

Tail    provides the propulsion  that  a l lows
the sperm to  swim up the vagina,  

uterus and  oviduct  unti l  it  reaches the  egg

Microtubules in  a  
9  +  2  array   make 
 the  sperm ta i l  beat  from 
side to  side  and  generate the  
forces that  propel  the  sperm

strengthen  the  ta i l
Protein  bres 

sTAgEs in  gAmETogEnEsis
seratee  te rduct   ae aete   

te tete.  oee  rduct   eae  aete   

te vare.  Bt  rcee ave te ae bac tae:

  t t  eerate  are uber  d d  ce 

  ce   rwt   te ce  ave eu  reurce t   

uder tw d v  e 

  e t  rduce ad  ce 

  deretat   te ad  ce  deve t   

aete wt  tructure eeded  r ert  zat.
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ogenesis

sTAgEs in  oogEnEsis

primary  oocyte

single  layer
of fol l icle  cel ls

connecting ovary
to abdomen

egg released

at  ovulation

corpus luteum
(develops from

the fol l icle
after ovulation)

mature  fol l icle

fol l icularsecondary
oocyte in
prophase I I

three layers
of fol l icle

cel ls

secondary

oocyte

developing fol l icles

primary  fol l icles

8    After ferti l ization  the  secondary  oocyte
completes the second  division  of meiosis  to
form an  ovum(with  a  haploid  nucleus
already  inside  it)  and  a  second  polar cel l  or

not  develop and  eventual ly  degenerate.  

7    When  the mature
fol l icle  bursts,  at  the  time
of ovulation,  the egg that
is released  is  actual ly  sti l l
a  secondary  oocyte.

6    The secondary
oocyte starts the
second  division
of meiosis  but
stops in  prophase
I I .  The fol l icle
cel ls  meanwhile
are  prol iferating
and  fol l icular

5    Every  menstrual  cycle  a  few primary  fol l icles
start  to  develop.  The primary  oocyte completes

nuclei .  The  cytoplasm of the  primary  oocyte is
divided  unequally   forming a  large secondary
oocyte(n)  and  a  smal l  polar cel l  (n) .  

4   When  a  baby
girl  is  born  the
ovaries contain
about  400,000
primary  fol l icles.

3    Primary  oocytes
start  the 
of meiosis  but  stop
during prophase I .
The primary  oocyte
and  a  single  layer of
fol l icle  cel ls  around  it
form a  primary
fol l icle.

2    D iploid  cel ls
grow  into  larger
cel ls  cal led
primary oocytes

(2n) .

1    I n  the  ovaries of
a  female fetus,
germinal  epithel ium
cel ls  ( 2n)  d ivide by
mitosis to  form more
diploid  cel ls  (2n) .  

sTRUCTURE oF A mATURE hUmAn  Egg

layer of fol l icle  cel ls

(corona  radiata)

plasma

membrane

two

centrioles

Diameter of egg cel l  =  110  m

Cytoplasm (or yolk)    

containing droplets 

of fat  and  other nutrients 

needed  during 

early  stages of embryo 

development

Cortical  granules  

harden  the  zona  

pel lucida  to  prevent

multiple  ferti l ization
Zona  pel lucida   protects 

the  egg cel l  and  restricts 

entry  of sperm

First  polar 

cel l    not  needed  

so  breaks down

Haploid  nucleus  contains the 23  

chromosomes that  are  passed

from mother to  ospring

CompARing oogEnEsis 

AnD spERmATogEnEsis
Tere are  e fcat d erece 

betwee eratee ad  

ee:

1.  m    er are rduced  

b  e eac da  r ubert  

ward ad  te  ca  be reeaed  

requet  b  ejacuat. Fr 

ubert  ut  eaue we 

w are t reat rduce ad  

reeae jut e e ever  28 da.  

2.  near  a   te cta  

reved  dur te  atter tae 

 eratee  er 

cta  ver   tte.  E ce  ave 

re cta ta  a  ter 

ua ce  .  Te  tcdra   

te zte are a   derved  r 

te cta  te e ce  .  

Te e ce   detr te e ca  

tcdra   te er ater 

ert  zat.  
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Fertilization

inTERnAl AnD 

EXTERnAl FERTiliZATion
i e ece eae reeae 

uert  zed  e ad  ae ut ter 

er ver te e,    ert  zat  

take ace utde  te  bd.  T  

external  fertil ization .

Examples:

a  ad  ter f,  r ad  ter 

aba.

i  ter ece te ae ae  

er t te eae bd  ad  

ert  zat  take ace tere.  T  

internal  fertil ization .

Examples:  

t ad  ter rete,  

a batre ad  ter brd,  

ua ad  ter aa.

AVoiDing polyspERmy
A dd  zte  rduced we e 

ad  er ue wt a  ad  

e  t  ert zat. Fu  tw r 

re er wt a e ce  reut   a  

ce  tat a tree  eac cre 

te (trd) , r re. T  caed  

er. Ce rduced  t 

wa te de ad te tat urvve 

are at awa tere. Tere are 

terere eca   ert zat  

tat ra  revet er.  

DEClining mAlE 

FERTiliTy
Dur te at ft ear te averae 

uber  er er ut vue  

ua ee a ae b 50% ad t 

ctue t dr b abut 2% er ear.  

Varu actr a be ctrbut 

t t, but e  te reece   

te evret  etre ad  

retere ce te trduct  

te eae ctracetve . Te eect 

 tee ceca  ae ertt were 

t teted bere te ctracetve   

tarted t be ued b   we. 

Tere are a terd tat are ceca  

reated t tee eae ex re  a  

wde rae  rduct cud atc,  

d acka ad urture. Aa,  

adequate tet a t bee de. Te 

eru dr  ae ertt w 

w eeta  t  t tet r aru de 

eect bere cetfc r tecca  

deveet are trduced.  

sTAgEs in  ThE FERTiliZATion  oF A hUmAn  Egg
1. Arrival  of sper

ser are attracted  b  a  ceca  

a  ad  w u te  vduct t  

reac te e.  Fert  zat     

ucceu   a  er reac   

te e.

2.  Binding

Te frt er t  break tru 

te aer    ce  ce  bd t  

te za  e ucda.  T trer te 

acre react.

3 .  Acrosoe reaction

Te ctet  te acre are 

reeaed,  b  te earat   te  

acra  ca r te er. 

Eze r te acre det 

a  rute r te er tru  te  

za  e ucda,  a  w te er 

t  reac te aa ebrae  

te e.

4.  Fusion

Te aa ebrae  te  

er ad  e ue ad  te er 

uceu eter te e ad  j 

te e uceu.  Fu  caue te 

crtca  react.

5.  Cortical  reaction

sa  vece ca ed  crtca  

raue ve t  te aa 

ebrae  te e ad  ue 

wt  t,  reea ter ctet 

b  exct.  Eze r te 

crtca  raue caue cr-

 k  crte   te 

za  e ucda,  ak t ard  ad  

revet er.

6.  mitosis

Te uce  r te er ad  e 

d t ue teter.  itead,  bt  

uce  carr  ut t,  u te 

ae cetre ad  de   

crtubue.  A tw-ce   ebr  

rduced.

two polar
cel ls

two haploid
nuclei  from
the sperm
and  the  egg

sperm try  to
push through
the layers of
fol l icle  cel ls
around  the
egg

fol l icle
cel l

zona
pel lucida

plasma  membrane of egg

acrosomal
cap

tai l  and
mitochondria
usual ly  remain
outside

cortical  granules

hardened
zona
pel lucida

exocytosis
of contents
of cortical
granules

sperm nucleus
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EARly EmBRyo DEVElopmEnT AnD implAnTATion
i a  cue wat t ave a  cd,  te ave exua  tercure 

wtut u a etd  ctracet. see  ejacuated  

t te vaa ad er tat t cta w tru te  

cervx, u te uteru ad t te vduct. i tere  a e   

te vduct, a  er ca ue wt t t rduce a  zte.

Te zte rduced  b  ert  zat    te vduct  a  ew 

ua dvdua .  i t tart t  d vde b  t t  r a  2-ce   

ebr,  te  a  4-ce   ebr (rt)  ad     ut  a   w 

ba    ce  ca ed  a  blastocyst    red.  We  tee ear  

tae   te deveet  te ebr are ae,  te 

ebr  trarted  dw te vduct t  te uteru.  We  

t  abut 7  da d,  te ebr at te t  te 

endometrium  ( te     te wa    te uteru) ,  were t 

ctue t  rw ad  deve.  i  atat  de t ccur 

te  te ebr  t u ed  wt  eu d  ad  te 

reac  de t ctue.  

hoRmonAl ConTRol oF ChilDBiRTh
Tru  te  9  t  reac,  r eve  te re 

roesterone  eure  tat te uteru deve ad  uta te rw 

etu.  i t a  revet utere ctract ad    revet taeu 

abrt.  Te eve   retere tart t  a     te at trd   te 

reac  ad  re tee  rt  bere te ed.  T a w te 

ter bd  t  ecrete ater re  oxytocin .  Tere  a a  re 

  estroen ,  wc  caue a  creae   te uber  xtc  recetr 

  te uce    te uteru wa  .  We  xtc  bd t  tee recetr t 

caue te uce t  ctract.  Utere ctract tuate te ecret  

 re xtc.  Te utere ctract terere bece trer ad  

trer.  T  a  exae  ositive feedback.

We te uce   te wa   te uteru  ctract, te cervx reaxe ad  

bece wder. Te atc ac burt ad te atc ud   reeaed. Fa ,  te ater a ur  ctract, te bab  

 ued ut tru te cervx ad te vaa. Te ubca  crd   cut ad te bab be t deedet  e. Ctract 

ctue r a  te ut  te aceta  exeed  a te aterbrt. Te dara w te bab ead eer dur cdbrt.

uterus wal l

contracting

vagina   the

birth  canal

AnimAl siZE AnD DURATion  oF gEsTATion
Te ra bew w te  reat betwee bd  a ad  durat   etat  

(reac)    a  wde rae  ece  aa .  Bt  cae are artc.  

Te cr  te data  t r ua (266 da  etat  ad  60k bd  a) .  

Atu tere  a  tve crreat  vera   betwee  bd  a ad  durat  

 etat,  tere are exae  ece tat ave te ae et   etat  

but bd  ae der b  re ta  tw rder  atude.  i  aa wt  a  

reatve   etat  te r are re advaced    ter deveet we 

te  are br  ta  aa wt  a  rt etat  te   reat  t  adut bd  a.  

0.01 0.1 1 10 100

body  mass (kg)

le
n
g
th

 o
f 
g
e
st
a
ti
o
n
 (
d
a
y
s
)

1000 10000 100000
10

100

1000

humans

hoRmonAl ConTRol 

oF pREgnAnCy
hua ebr ecrete te 

re hCg  (ua crc 

adtr)  r a  ver  ear  

tae.  Cg tuate te  var  

t  ata  te ecret   

roesterone  dur te frt tree 

t  reac.  pretere 

caue te uteru   t  ctue 

t  tcke    t ca  urt te 

ebr ater atat.  

B  abut te  12t  week  

reac  te var  t 

ecret retere,  but b  t 

te te lacenta  a deveed  

ad  take ver te  tak  ecret 

te retere tat  eeded  t  

uta  te reac  ut  te  te 

 c dbrt  (abur) .  Te aceta  

a ecrete estroen .  

blastocyst

4-cel l  embryo2-cel l  embryo
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structure and function of the placenta

FUnCTion  oF ThE 

plACEnTA
B te te tat te ebr  

abut 8  week d,  t tart t  

deve be tue ad   kw 

r te ward a a  fetu.  Te 

etu deve a  aceta  ad  a  

ub ca  crd.  Te aceta   a  

d c-aed  tructure,  wt  a  

rject ca ed  aceta  v     

ebedded    te uteru wa  .  i  te 

aceta  te bd   te etu fw 

ce t  te bd   te ter   

te uteru wa  .  T ac tate te  

excae  atera betwee 

atera  ad  eta  bd.

umbil ica l  cord

placenta

amniotic sac
amniotic uidfetus

endometrium

 myometrium

sTRUCTURE oF ThE plACEnTA

Placenta    a  d isc-shaped  structure,  185  mm

in  diameter and  20 mm thick when ful ly  grown.

Placental  vil l i   smal l  projections that  give  a

large surface area  (14m2)  for gas exchange and

exchange of other materials.  Fetal  blood  ows

through  capi l laries in  the vi l l i .

Inter-vil lous spaces    maternal  blood  ows

through  these spaces,  brought  by  uterine

arteries and  carried  away  by  uterine veins.  

Endometrium   the  l in ing of the

uterus,  into  which  the  placenta  grows.

Deoxygenated  fetal  blood  ows from the  fetus

to the  placenta  a long two umbil ical  arteries.

Oxygenated  fetal  blood  ows back to  the  fetus

from the  placenta  a long the umbil ical  vein .

Myometrium    muscular wal l  of the  uterus,

used  during chi ldbirth.

EXChAngE oF mATERiAls ACRoss ThE plACEnTA
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Questions  animal  physiology
1.  Te ra  w cae       Braz  .  o  date wt  

arrw a   04 ear d  cdre  were vaccated.
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Pol io  vaccine  to  a l l

chi ldren  aged  04 yrs

on  one Saturday

a)  state te axu uber  cae   .  [1]

b)  Evauate  te  ucce  te vaccat  rrae  

u te data    te ra.  [3]

c)  Decrbe te ree  te  ue te t  a   

   vaccat.  [5]

d)  suet rea r 

( )  a  ecd  vaccat  a  ew week ater te frt [2]

( )  vaccat be reeated  eac  ear   Braz .  [2]

e)  Exa  te rea r    vaccat t    be 

ve t  cdre    Braz  dete   cae   nrt  r 

sut  Aerca  ce 1991.  [2]

2.  Te eectr  crra  bew w art  a  fbr .

II

a)  state te te  faet reet     art i .  [1]  

b)  state e ter te  faet   fbr.  [1]

c)  Te fbr     art  ctracted.  Deduce a  cae  

  et   re i  ad  i i   

(  )  te fbr   ctracted  re [2]

( )  te fbr   reaxed  ad  te atatc  

uce ctracted.  [2]

d)  Draw ad  abe  a  d ara t  w te tructure   e 

arcere r te art  ctracted  fbr .  [4]

3 .  Te X-ra  w a  ebw jt wt  teartrt.

I

I I

I I I

a)  state te ae  be i ,  i i  ad  i i i .  [3]

b)  ( )   state te uce attaced  t  eac  be   te 

re  w. [4]

( )  Deduce wt  rea weter tee uce were 

ctracted  r reaxed  we te X-ra  wa take.  [3]

4.  Te tra w te uderde  a  beete.

a)  Deduce wt  rea 

()  te u   wc  te beete   cafed  [3]

( )  te kd   wc  te beete   cafed.  [2]

b)  out e te tructure   te beete e.  [4]

c)  Exa  w te beete  carre ut reuat   

ad  excret.  [6]

5.  Te d ara w tw er ad  a  c ect duct   

te kde.

I

I I

I I I

IV

VI

V

VII

a)  state te ae  tue i  ad  i i  [2]

b)  ( )   lt tructure i i i  t  Vi i    te equece tat 

eruar ftrate w tru te. [2]

( )   state te ae ad  re   eac  tructure   t 

equece   te rduct   ure.  [10]  

c)  state  te  eect  ADh    art i i i .  [1]

6. a)   Care eratee ad ee   ua. [4]

b)  Dtu  betwee eratee ad  ee  

  ua.  [3]

c)  Exa  w er  reveted    ua.  [2]

d)  Decrbe te deret etd  utrt  tat are  

ued  r ccet  ut  brt    ua.  [5]

e)  Exa  w retere eve are ataed  r 

ccet  ut  rt  bere brt.  [3]
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Ntn

NeurulaTioN
hmns  n  t pm Ct.  a   nms n  ts 

pm p   s  n c  t n    st n  

t pmnt.  T pcss s c   ntn  n  

n  mns t ccs n t st mnt    .  T s  

n c  ps m ctm ,  wc  s t t 

tss .  an     ctm c s n  t s  sc 

 t m ps  nt  m t st  t 

ctm n  cms t n  pt.  

T c s n  t n  pt cn sp n  ts css 

t pt t    nws mn    n t ck 

 t m n  tn sptn m t st  t 

ctm. Ts ms t n  t,  wc ps nt t 

n c .

NeurulaTioN  iN  XeNoPuS
T ms w sw w ntn  tks pc 

n  Xenopus  (acn  cw  ) .  Ts spcs s n    

m   sc  nt  ntn  cs t m s 

tnspnt.

neural  plate

dorsal  surface

gut  cavity

neural  groove

lateral  edges of neural  plate

join  together forming a  tube

neural  tube

ectoderm mesoderm

endoderm

SPiNa biFida
in tts t    ss  ns c   t.  

ec   ts s   stn cntm tt ps sppt 

n    tnn t  c,  wc  ncss n  ptcts 

t spn  c.  T cntm ps n  t nt  s  

t n  t t n    st n  mnc pmnt.  

Tss mts m t  ss  t cntm n  t 

n  t n  nm  mts p t m t t  c.  

in  sm css t  tw pts  t c  n cm 

pp  s  tt,  n   p.  Ts cntn  s 

c   spn 

f .  i t s 

p  

cs    t 

mnc 

n  t 

nt csn p 

cmpt  

wn t s  

m  m t 

n  .  

Spn    s 

cmmnst 

n  t w 

ck.  i t s 

n  st  m 

  m  wt  

n smptms, 

t  s n  

 ttn.

uSiNg aNiMal ModelS
Nscnc s t nc     cncn  wt  

nns n  ns sstms.  T m  sc  n  

pmnt  nscnc s t   sc w ns 

sstms   m  s nms w m n  m nt  n  

t.  T m  mn  nscntsts s t  nstn  n  

p ttmnts   sss  t ns sstm, t 

mst xpmnts   mpss  t  pm n  mns  

tc  sns.  as,  sc  nt  t nm  spcs s 

s   s cs pmnt  t ns sstm 

s m p,  ss cmpx n  s s t  s cs 

t m ps xtn   t tn  n    ts.

F ts sns,  n wn scs  tn t  mk 

scs t mns,  t  wk wt  t spcs.  a 

t  sm   nm  spcs s s   mst  ts 

sc  n  ts spcs  knwn s nm  ms:

  Caenorhabditis  

elegans  (ftwm)

  Drosophila melanogaster  

(t f)  

  Danio rerio  (zs)

  Xenopus laevis   

(acn  cw  )

  Mus musculus   

(ms) .

a

Xenopus  ms
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develoPMeNT oF The CNS
T ns sstm s tw mn  pts:  

  t peripheral  nervous system  cnsstn  ns n  

sns  cpts,  

  t central  nervous system  (CNS)  cnsstn  t 

spn  c  n  n.  

bt  t n  n  spn  c  p m t n  t.  

as t  m ws,  t n  t nts.  T nt 

pt  t n  t ps nt  t  n  n  t st 

tckns t  m t spn  c.  T cnn  t t cnt  

t n  t pssts s t   sm   n  cn  n  t 

m   t spn  c.

neural  canal

grey  matter

white  matter

dorsal  root

gangl ion

spinal  nerve

F m nns  n  tn   nt   psnt n  t  

mnc n  t,  s  c   p tn  cntns n  t  

t pn spn  c  n  n.  at  ts css 

 t  n  mst pts  t ns sstm, t  

pts  t n  w xt  nns   pc  n 

t.

development of the nervous system

develoPMeNT oF NeuroNS
C   sn  n  t  n  t pcs  nms 

 c s tt    fntt nt  nns.  Sm 

mmt nns mt m w t   pc  n  

t n  t t    n  ctn.  

axns w t m c mmt nn. T   

stmt  t  ts   cmc  stm.  in  sm css t 

xn ws t  t n  t t t pts  t m 

n  t nn ps nt   sns     mt nn.  

dpn nns pc cnnctns wt  mn  t 

nns,  c   multiple synapses,  t nt     tm 

psst.  Snpss tt  nt s   m,   wn 

t pncp  s t  s t.

T s s   pcss  mn nt  nns tt 

 nt n s.  Ts s c   neural  pruning.  Ts 

s n  xmp  t pstct   t  ns sstm  

tt    t cn  cn wt  xpnc.

STruCTure oF The braiN
T n  s   cmpx stct wt  stnct pts,  

wc    swn n  t tc  sctn  w.

Ptps  t xt  t n  sw t c  

msps n  cm, wt  t spn  c  cnnct  

t t nn  (w pt  n) .

Mri  n  CaT scns   t ntn  stct  t n  

n   w  s  t  nstt  t  pms.  T 

m w s   CaT scn.
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Functons o te n

FuNCTioNS oF ParTS oF The braiN
T n  s s  stns pts wc   

nt s.  

T medu  oongt  cnts tmtc n  msttc 

ctts sc  s sw wn,   stn,  mtn,  tn 

n  t t.  T xmps  xpn  w. 

T ceeeum  cnts ncnscs nctns,  sc  s 

mmnt n  nc.

T ypotmus  s t ntc twn t n  n t 

ptt  n, cnt n t sctn  ptt  mns.

T ptuty  gnd  scts t st tn  mns tt 

t  mn    nctns.

T cee  emspees   mn  nt nctns.  

T   xpn  n  t nxt p.

STroKeS
a stoke  s  sptn  t  spp t pt  t n,  

cs t   ck   n. bn tss s 

p  xn   tm n s tn m. Ptnts 

qnt c m mn stks, n t  pt  t  

n s n n  t nctn s t  . Ts sws tt 

t cn  nztn  ctn nctns n tt nt   

nctns  n c t  n pt  t n. Scns 

 t n sw tt sm ctts n mn nt 

s n t m  tnt ws t c tm t.  

The auToNoMiC NervouS SySTeM
T pp  ns sstm s tw pts:  t nt  

n  tnmc ns sstms. T tnmc ns 

sstm cnts ncnscs pcsss sn cnts n  t 

medu  oongt .  

Swowng

in  t st ps  swwn   s pss  m t mt  

ct  t  t pnx. Ts s nt  n  cnt     t  

c  ctx. T   tn psss wn t sps t  

t stmc   nnt  msc cntctn,  cnt  

  t swwn cnt  t m  nt.  

betng

Tw cnts n  t  m   cnt  t  t n  pt   

nttn  n  spns t  cns n    ph,  wc  s 

mnt    cemoeceptos n    sss n  n  t 

m .  T pt  n  t  nsptn    ncs  

   ph   s,  s ts ncts n  ncs n  Co
2
 

cncnttn.  T   cs     ph  ss.

het te

T csc cnt  t m   ts t 

t  t wc  t t ts.  i t ncss  css t 

t t   snn mpss t  t  ts pcmk 

(SaN) .  impss c    symptetc neve fes  

cs t t t t  sp  p;  mpss c    

psymptetc neve fes  cs t t t  sw wn. 

T smpttc n  psmpttc sstms  t tw 

pts  t utonomc nevous system .  in  mn  css,   k 

ts,  t   ppst  cts.  

MeThodS oF braiN  reSearCh
vs ppcs  n  s  t  nt  t s  

pts  t n.

lesons nd  utopsy

a eson  s    n   m  nj  t  n  n.  

an  utopsy  s   ssctn  t t   n  nm   

mn .  bn  sns cn    cs    tms,  

stks  ccnt  m.  Mn  sns  n 

nstt    c n t n  tps  n  tn ts 

pstn  t  cns tt   n  s  t   

 cp ts.  T    sm ms css m t 

19t  cnt  ncn tt  Pns g n  ts 

nstt    Jn-Mtn  Cct.

anm  expements

at sns  t  nt  css    

mc t t n,  m cn   n  sn nms.  

rm   pts  t sk   s ccss t  t n  

n   ws xpmnt  pcs t   pm.  T 

cts  c  stmtn   s  t    spcc pt  n  

nm s n  cn   s.

T  wsp  jctns t  sc  sc,  cs 

 t sn cs  t  t nm  n  cs t t  n  

t nm  s tn  scc.  Nscntsts    

tt ts xpmnts cn  ncs  nstnn 

 cntns sc  s pps,  Pknsns ss n  

mtp  scss.  T    nw stct tns n  mst 

cnts t  ns tt t nts  t sc  jst  

n  m cs  t  t nms s.

Functon  Mri  (Mri)

Mntc snnc mn s s  t  nstt t 

ntn  stct  t ,  ncn kn  tms 

 t nmts n  ptnts.  a spc z  sn   

Mri ,  c   uncton  Mri  (Mri )    ws pts  t  n  

tt  n ctt    spcc tt pcsss t   

nt.  act  pts  t n  c ncs    

fw,  tn  m s    njctn   mss ,  wc  

Mri  cs.

T sjct s 

pc  n  t 

scnn n    -

stn  scn   

t n  s tkn.  

a ss  w-

stn  scns 

s tn  tkn w  

t sjct s n 

n    stms.  

Ts scns sw 

wc  pts  t 

n    ctt  

n  t spns t  

t stms.
Mri  scn   nmtss pn
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Cereral  hemispheres

evoluTioN  oF The Cerebral CorTeX
T cereral  cortex s t t   t c  

msps. at t s n  twn tw n  

m  mts tck, t cnssts  p t sx s  nns wt  

  cmpx ctct. i t ms    pptn  t n  

n s m   p n  mns tn t mmms.  

o m ns  s  tn t mn c  ctx 

s cm mmns n, pncp   n ncs n  

tt  . T s xtns n, wtt wc t c  

ctx c nt  ccmmt wtn t cnm. 

FuNCTioNS oF The Cerebral 
heMiSPhereS
T c  msps ct s t nttn cnts 

   nctns sc s nn,  mm  n  

mtns.  as wt  t pts  t n,  spcc nctns 

 c  t   spcc pts  t t n  t c  

msps.  

T somatosensory  cortex cs sns  npts.  T t 

msp cs sns  npts m t t s  

t   n  c s   t  t c  msp.  

T motor cortex cnts nt  msc cntctns 

  skt  (stt)  mscs.  T t c  msp 

cnts msc  cntctn  n  t t s  t ,  n  

c s   t t c  msp.

T visual  cortex pcsss s  stm  tct    

 t-snst   n  cn c s n  t tn.  in  t  t 

s    (t    sn)  s    nt  t n  t 

s.  impss nt    t t   t s  

  n  t  s  pss  t  t t c  msp 

n  mpss m t t   t s     t  

s  pss  t  t t c  msp.  Ts 

 ws stm  m t tw s t    cmn,  s  stnc 

n  t sz  jcts cn   j.  anss n  t 

s  ctx s  ncs pttn  cntn  n  jn 

t sp  n  ctn   mn jcts.  

brocas area  s   pt  t t c  msp tt 

cnts t pctn   spc.  i  t s m t  ts 

  n  n  knws wt t  wnt t  s  n  cn  

pc sns,  t t  cnnt pt sns tt nt  

ws tt  mnn.  F xmp,   w s   s- k  

nm  wt  ck n  wt stps,  bcs    ws s t  

s  z,  t   psn wt    m  bcs   knws 

tt t s    z  t cnnt s  t w.

T nucleus accumens  n  c   t c  

msps ct s t ps  w  cnts  t  

n.  a t   stm   ncn   n  sx cs t 

s  t  ntnsmtt pmn n  t ncs 

ccmns,  wc  css  ns  w  -n,  ps 

n  stsctn.  Ccn,  n  n  nctn  ct 

cs t  s cs s  pmn n  t ncs 

ccmns n wn  ntn s ppn  n    psns 

   t  jst  ts  ns.

SeNSory aNd MoTor hoMuNCuli
Ms  t mn   

cn   m wt  t  sz 

 c  pt  t   

pptn  t t  t 

   t  smtsns  

ctx tt cs npts 

m tt pt (t) ,   

t  t    t mt 

ctx tt cnts 

mscs n  tt pt  t 

  (w)  Ts tps  m   c   sns  n  

mt mnc .  

T  stkn ncs twn t pptns  

t  mnc  n  ct  mn s.  hns pp 

spptnt    xmp,  s t  cntn    

t   nm  sns  cpt c s n  mn  

sm   mscs.

braiN  aNd body SiZe
T p w sws t tnsp twn  n  mss 

n    mss n  nm  spcs.  

body  mass ( log scale)

other mammals
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T ctn  cfcnt  t  t  n  t p  s 0.75,  

s  t s qt    stn pst ctn twn n  

n    mss.  hmns  nt  t st n  sz 

 n  nm   spcs wt       mss sc s 

 ws n  pnts   ns.  hw,  t 

t  pnt  mns s t  t ctn  c 

tn  n  t spcs,  nctn tt mns     

n  n  tn  t  t   mss tn  t nms.  

T p s sws tt mst t nt    pmts  

t   ns n  tn  t  t   mss.
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Prcption of stimuli  

olFaCTory reCePTorS
T sns  sm  (ctn)  s  t  olfactory rcptor 

clls  ct  n  t ptm ns t pp pt  t 

ns.  Ts c s  c   wc  pjct nt t  n  t 

ns.  in  t mmn  ts c     t rcptors,  wc  

 ptns tt cn  tct spcc cmcs n  t .  

on  cmcs tt  t   n  cn  pss t  t  

cn   tct  (sm) .  onts m   n  t mt  

cn  pss t t  n  t  mt  n  ns  cts t  

 tct  n  t ns.

ec ct  cpt c   s jst n tp  nt 

cpt n  ts mmn,  t t  mn  fnt tps 

 cpt,  c   wc  s nc       fnt n n  

tcts    fnt p  nts.  

in  sm mmms sc s mc t     tsn  

fnt cpts,  t mns  w.  usn ts 

ct  cpts    nm  cmcs n  t  

cn   stns.

redgreeN  Colour-bliNdNeSS
T ptcpt pmnts  n   ,  n  n    cn 

c s        mms    p   ptns  c    opsins .  

T  s    spt  n  c n  c   t  t 

p mnts.  T  ns  t  p mnts  n  t    n  

n  cns   ct  n  t  X cmsm.  rn 

c- nnss s    cmmn  n t  cntn .  i t  s  

  t     ck  nctn n pmnt n    t    n 

cn  c s.  Wc p mnt s  mssn,   t wt  t 

wnts n  t  n  t    pt  t  spctm 

cnnt    stns .  as  ns  t  pmnts 

  n  t  X cmsm,  n  c- nnss 

s  sx- nk,  wt  t  s  t  n-   -tctn 

p mnt tt s  mssn.  T  nm    s   t  ns 

  mnnt n  t    s  tt cs  n  c-

 nnss   css.  rn  c- nnss s 

t  mc  cmmn mn ms  tn  ms 

n  ms  n t  t       tt css t  cn tn  m 

t mt.  

diverSiTy oF SeNSory reCePTorS
Snsory  rcptors  tct cns n  t nnmnt.  T cn tct      cpt s   stimulus.  in  mns t  

 tps  sns  cpt,  wc  tt cn  tct   w n  stm .

Typ Stimulus exampl

Mchanorcptors Mcnc  n  n  t  m  sn  ws 

Mmnts  t  pss  t

h c s n  t cc   t  

Pss cpt c s n  t skn

Chmorcptors Cmc  sstncs ss  n  wt (tn)  

Cmc  sstncs s ps n  t  (ns)

rcpt c s n  t tn  

N nns n  t ns

Thrmorcptors Tmpt N nns n  skn  tct wm  c

Photorcptors ectmntc tn,  s   n  t m   t r  n  cn c s n  t  

PhoToreCePTorS
T ptcpts  t   cntn  n  t tn.  T  tw tps  ptcpt c    rod  clls  n  con clls.  

T m  t tn  n  t  nxt p sws t  stct    n  cn c s.  Ts c   tps t  s  t n  tn  

tnsmt msss t  t n,    t ptc n.  T    fnt n  ts ws:

1.  r  c s  m snst t   t tn  cn c s,  s  t  nctn  tt n   m  t,   xmp t nt.  r  c s 

cm c  n  t  t,   xmp  n   t,  t cn c s nctn  w   n     t ntnsts.

2.  a     c s cntn  t sm 

pmnt,  wc  ss   w 

n  wnts   t,  

s  t   nt  stns  

twn  fnt cs n  

n    mncm sn.  

T  t tps  cn 

c  ,  c   wc  cntns 

   fnt pmnt.  Ts 

pmnts s fnt 

ns  wnt,  wt  

pks  snc n  ,  

n n     t.  Cn c s 

cn  t stns  

twn   t   fnt 

wnts n  s  

c sn.   
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T p sws t snc  wnts   t   t t pmnts n  

cn c s (b,  g  n  r)  n  t pmnt n    c s (M) .
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Msc cs n t s cnt  t sz 

 t pp   t . impss c  

t   msc  nns  t 

smpttc sstm cs tm t  

cntct n t t pp; mpss 

c t cc msc  nns  

t psmpttc sstm cs t  

pp  t cnstct. T pp  fx ccs 

wn t t sn sns nt  

t . Ptcpt nn cs 

n t tn pc t t t,  

snn sns t t ptc n 

t t m-n, mmt cttn 

t psmpttc sstm, wc  

stmts cc msc n t s t  

cnstct t pp, cn t mnt  

t ntn t  n ptctn t  

ct tn m m. T m-n  

s pt  t n stm  t n  t  

n tt s jcnt t t spn  c.

dcts smtms s t pp  fx 

t  tst   ptnts n  nctn.  a  t 

s sn nt  c  .  i  t pps  

nt cnstct t nc,  t n  stm 

s p  m.  i  ts n  t 

tsts  n  stm nctn  pt  

 ,  t  ptnt s s  t   s  

n  t.  i t m   pss  t  

sstn  t pts  t ptnts 

  n       sppt mcn,  t    

c  s xtm  n k.

STruCTure aNd FuNCTioN  oF The reTiNa
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lt psss t t n s  ganglion cells  n  t   bipolar cells  n  t t pt  t tn  nt  t cs 

t   n  cn c s.  Wn    cn c s s  t t  pss mpss t p c s,  wc pss tm n t  nn  

c s.  gps  p t tw n    c s pss mpss t  t sm p c  ,  ws s w s n cn c   m  pss 

mpss t   sn  p c  ,  s cn c s  t s  ct.  impss m   n  cn c s  pcss n  p 

n  nn c s n   tn tnsmtt  t t n  n  t n s  nn  c s,  wc  ct  n  t optic nere.  

oPTiC NerveS
T m w sws 

w nmtn  m t 

t    sn  cs 

t  t s  ctx n  

c s.

N Fs css  

t t ptc csm s 

tt mpss m t 

t    sn  n  t  

s   t  t t s 

 t s  ctx n  

c s   t t 

   sn.

right  eye

right  optic nerve

optic chiasma

visual  cortex

visual  eld
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hearing in  umans

FuNCTioNS oF The Middle ear
Wn sn ws c t m t t n   t t ,  t  mk t t.  

T tn  cnssts  p  mmnts  t m, tws n  w m t 

m .  in  t m   s   ss    sm  ns c   ossicles,  wc  

swn n  t m w. T malleus  s ttc t t eardrum  n  mks cntct 

wt  t incus,  wc  n  tn  mks cntct wt  t stapes.  T stps s ttc t  t 

oval  window.  T sscs t transmit  sn  ws m t m t  t   

wnw. T  s ct s s,  cn t mpt  t ws,  t ncsn t 

c,  wc  amplifes  sns   t 20  tms. bt t m n  t   wnw 

 tn  s  tss tt cn    t.  T   wnw s mc sm  tn  t 

m. Ts ps t mp  sns.  Mscs ttc t  t sscs ptct t  

m   sns   cntctn, wc  mps wn tns n  t sscs.

FuNCTioN  oF The 

SeMiCirCular 

CaNalS
T  t f-   

smcc cns n  t nn 

.  ec  s   sw  n t n 

n  n  wc  t s   p 

 sns   c s,  wt  t 

s m  n   .  

Wn  t    ms n  t 

pn  n  t smcc 

cns,  t  st w    t 

cn  ms wt  t ,  t 

 t  nt  t f  ns 

s n.  T s t 

  fw  f  pst t s,  

stmtn t  c s t  

sn  mpss t  t n.  

T t smcc cns 

 t t ns t  c  t,  

s  c  s n     nt pn.  

T  cn  t tct 

mmnts  t    n  n  

ctn.  T n  cn  c 

t ctn   mmnt 

  t  t mnt  

stmtn   t   c s n  

c   t  smcc cns.

FuNCTioN  oF The 

CoChlea 
T cc  cnssts    sp  

f-   t.  Wtn  t t 

 mmns wt  cpts 

c   air cells  ttc.  

Ts c s   ns,  

wc  sttc  m n  t  

mmns t  nt.  Wn 

sn  ws tnsmtt    

t   wnw pss t 

t f  n  t cc,  t  

ns t.  

g  tns n  t  

wt  n  tcknss  t  

mmns  w nt 

requencies   sn  t   

stns,  cs c  

 n n  snts wt  

ptc qncs.  Wn  

t  ns t,  t  

 c s sn  msss t  t 

n    t  auditory  nerve.

STruCTure oF The huMaN  ear
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CoChlear iMPlaNTS
rsc m t 1950s nws   t t pmnt  coclear implants,  wc  

cn p  sm sns  sn t pp wt nn-nctn  cc  cs.  

T xtn  pts    mcpn t tct sns,   spc pcss t t t 

qncs pt m ts s n  spc n   tnsmtt.  

T ntn  pts  

mpnt  n  n 

n  t  .  T  

cnsst    c tt 

pcks p sn  sns 

m t tnsmtt,    

stmt t  cnt 

t sns nt  

ctc  mpss n  

n     cts 

t  c  t mpss 

t  t cc.  T 

cts stmt t 

t  n  ct  

n  s pss t nn-

nctn   c s.
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innte bevou (hl ony)

origiNS oF iNNaTe behaviour
innt  s nt  m pnts n  s nt 

nfnc    n  nsms nnmnt,  ncn 

xpncs tt t nsm s n ts  .  innt  

 s t  t  t nsms ns,  s  

ps   nt  sctn,  s wt  t t  

ts.  i  n       n tt cts  s 

  t cnc  s  n  pctn  tn  t 

 s  t n,  t  t    n  t  pttn  

w   ncs n  qnc  n  t  spcs.

reFleXeS
a stmuus  s    cn n  t nnmnt,  t ntn  

 xtn ,  tt s tct      cpt n   cts   

esponse.  a spns s   cn n  n  nsm, tn  

c  t     msc    n.  

Sm spnss ppn wtt cnscs tt n  

 t c   nvounty esponses.  Mn   ts 

 cnt     t utonomc  ns sstm. Ts 

tnmc n  nnt  spnss  knwn s efexes.  

a fx s   p  ncnscs spns t    stms.  

CoMPoNeNTS oF a reFleX arC

eector (muscle  

that  pul ls  hand

away  from pain  when

it  contracts)

receptor cel ls  or nerve 

endings sensing pain

nerve bre  of

sensory  neuron

spinal  nerve

dorsal  root  of

spinal  nerve

cel l  body  of sensory

neuron  in  the dorsal

root  gangl ion

relay  neuron

central  canal

spinal  cord

cel l  body  of

motor neuron

nerve bre of

motor neuron

ventra l  root  of

spinal  nerve
white

matter

grey

matter

rfxs  mt      ss  nns,  c     fx c.  T m  sws   fx c s  t  c  t   

wtdw  efex.

T wtw  fx s c  t wn t n  cs   pn  stms,   xmp wn tcn   t jct.  T 

spns s t  p   w  t n  (wtw)    cntctn mscs n  t m.  

aNalySiNg iNNaTe behaviour iN  iNverTebraTeS
Mst  n  ntts s nnt,  

nt n. i t cn  nstt   smp 

xpmnts,  xmp cmtxs n  

Planaria  (ftwms) . a txs s   mmnt 

tws  w m   ctn  stms.  

i Planaria   pc n    sw s wt  

sm  pcs   n  pt  t s,  t  

s  m tws t . Ts spns 

s c nts n  tms  suvv  n  

epoducton .  ot s n t  kpt cnstnt,   

xmp t mnt   t n  nt pts  t s.  

as, n   xpmnts  k ts, sts s  

 qnttt, nt m  scpt, s t  cn   

ns sn sttstc  tsts.  

an  xmp  t nss  t sts  n  

xpmnt nt  c pncs  sts (w c)  

n    cc  cm s n  (t) .  

anyss  sn t c2  tst (xpn  n  Tpc 4) .

expct  sts  sts  n c pnc:  10  p c

C-sq  =    
(1 0  -  4) 2

 
_______________

 
10
   +    

(1 0  -  4) 2

 
_______________

 
10
   +    

(1 0  -  25 ) 2

 
_________________

 
10
   +    

(1 0  -  7 ) 2

 
_______________

 
10
   =  30.6

Ts   c-sq s n  t ctc  n wt sncnc 

s  5%, 1%  0.1%  s, s t ptss tt t sts 

 n c pnc s jct t   ts s. Sts nt 

mp, k tts n sw nt pttxs. Ts sts 

sst tt t s st wnt  t tt t pc n .

resuts  (4 ts wt  10  sts)

1 2 3 4

C Nm p t Tt

b 1 1 0 2 4

gn 1 1 1 1 4

r 6 4 9 6 25

y w 2 4 0 1 7

yel low area

red  area slaters

green

area

blue

area

divisions that  the  slaters can  cross
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learned beaviour (hl)

learNiNg aNd MeMory
in   t ws earning  n  memory   spcc 

mnns:

learning s  t cqstn   sk    knw.

Memory  s  t pcss  ncn,  stn n  ccssn 

nmtn.  

learned beaviour  ps s   st  t xpncs 

tt n nm  s n ts  . T nms ns  t t  

cpct  t p n , t wtt xpncs 

t s nt p. rsc nt nm   s 

 s  nt tps  n : x 

cntnn, mpntn n pnt cntnn.  

reFleX CoNdiTioNiNg
in  P nstt  t s tn  x n  s.  h  

s  tt s s sct  s   wn  t  sw 

 tst  .  T st  tst  mt s c   t 

unconditioned stimuus  n  t  sctn   s   s c   

t unconditioned response.

P tn  t s  nt  stms, sc s t 

sn    nn    tckn mtnm,    

t ncntn stms  t st  tst  . h 

n tt t ptn ts pc    w s, t 

s stt t sct s  t  c t  

ncntn stms. T sn  t    t mtnm 

s c t conditioned stimuus  n t sctn  s  

 t ncntn stms s t conditioned response.

T s   n  t  ssct tw xtn  stm   t 

sn         mtnm n  t    .  Ts s 

c   refex conditioning   n  ttn  n   s   

st  n  nm  mn nw ssctns.

oPeraNT CoNdiTioNiNg
bs Fc Sknn sn    pc  ppts 

c     Sknn x,  t  nstt n   n  

nms.  Wn n  nm  sc s   t pss     ns 

t x,    sm  p t    pp  nt t x,  wc  

t t c  tn t.  Wn   n  t s pc  nt t 

x t ms n kn n  snfn t tn wtn  

t x. i t nt  psss t    ccnt t sn  

ns t ssct pssn t  wt  t w   .  

T   w  s c   t reinorcement.  Pssn t 

 s c   t operant response.  Ts m  nn s 

 t tria  and error  n  s c   operant conditioning.  T 

m qck  t ncmnt s n, t m qck  t  

pnt spns ps.  Spsn,  Sknn n  tt  

t ncmnt s n  n  smtms t t pnt 

spns, t pnt spns ps m qck.  

develoPMeNT oF birdSoNg
bsn s n  nstt  ntns  n  sm spcs 

n  nc s n n   t n pt  nnt  n  

pt  n.  a   mms      spcs s nnt 

spcts  sn,   wn c n  t  cnz t 

mms  t spcs.  in  mn  spcs,  ncn    

pssns,  ms n  mtn c s m t t.  T 

n  spcts ntc ncs,    wn ms t   

cnz    t sn n  n  sm spcs mts t   

csn    t q t   t snn.  

T cfnc (Fringilla coelebs)  s  n  xmp.  

T s (w)  sw t nm  sn    m,    

w  c   t sn  t cfncs, n  t 

sn    m tt ws   n  stn  n    snp 

x. T sn  t     n  stn   sm ts 

 t nm  sn, ncn t cct nt n  nm 

 nts,  wc mst  n nnt.  hw,  t s   

nw n  qncs,  n  w stnct pss.  

Ts mst nm   n  m t cfncs.
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(a)  a  normal  chanch song

(b)  a  song from a  bird  reared  in  isolation

fr
e
q
u
en

cy
/k
H
z

fr
e
q
u
en

cy
/k
H
z

time/sec

time/sec

iMPriNTiNg
Kn  lnz nstt  nn n   s.  h 

m    t s       m n  kpt tm 

n  n  nct.  lnz ws wt  t s ns wn t  

tc  n  st  wt  tm    w s.  h ws 

t t st mn jct tt t  sw. T s ns 

 w  m n  nst   t mt n  sm  

tm n  t  t  mt wt  mns wn  t  cm 

ts.  T s ns tt tc  m t s t wt  

t mt sw  nm  .  T   w  

t mt n  w  n n  mt  wt  t 

s.  lnz c  tt t s   snst p  t 

tcn n wc  s ns nm  n  t  nt  

n  cm ttc  t  t mt.  Ts n  t css 

w n  nm  ns   spns t    stms n 

  snst  p  s imprinting.  i t s  npnnt  t 

cnsqncs  t .  

Ft xpmnts sw  tt t nw  tc  

s ns n  cm mpnt  n  mn jcts,  wc  

n  nt w  mst ws  t mt.  impntn 

ns n  innate reeasing mecanism  wc  t nm  

ss t  t stm   tt t  c n  n  spn  t    

stms tt s sncnt  c     sign stimuus.  
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Nurotrnsmttrs n synpss (HL only)

eXCiTaTioN  aNd iNhibiTioN
in Tpc 6 t cts  xctt  ntnsmtts t   

snps w sc. int  ntnsmtts  

s nt snpss   sm p-snptc nns.

excttory inhbtory

in  tt s cs  

t  nt t pst-

snptc nn

Pst  

c  ..  

sm N+

Nt  

c  ..  

c C-

Tpc  ct n  

t pst-snptc 

mmn ptnt

rss (-70 t  

-50 mv)

dps (-70 

t -80 mv  

w)

Tpc  ct n  

pptn     

n mps n  

t pst-snptc 

nn

excts n  

mps s 

ts  

ptnt  s 

c

ints n  

mps s 

pst-snptc 

mmn s  

ppz

on pst-snptc nn  m   snpss wt  mn  

xctt  n  nt  p-snptc nns.  Wt 

 nt   n mps s stmt  n  t pst-snptc 

nn  pns n  smmtn      xctt  n  

nt  ntnsmtts c.  

SloW-aCTiNg NeuroTraNSMiTTerS
T ntnsmtts   st-ctn, ctn pst-

snptc nns  w mscns t s. ot 

ntnsmtts tk ns  mscns t  cts 

s t  sw-ctn. rt tn n n ct n  sn  

pst-snptc nn t m s t snn 

 n ct ps  nns. Npnpn, pmn 

n stnn  xmps. Sw-ctn ntnsmtts 

 nt ct n mmnt css pst-snptc mmns 

ct, t nst cs s  scn mssns 

ns pst-snptc nns. Ts cn mt st snptc 

tnsmssn  s n m  cnt  t t snptc 

pstct tt s ncss   sts  mm n  

nn. ln-tm mms p q  mn  

t snptc cnnctns twn nns.  

drug addiCTioN
T cts ncs ctn  ts:

dopmn scrton:  Mn  ct  s ncs 

sctn   pmn.  Snpss w pmn s t 

ntnsmtt  n  n  t w  ptw,  s  

ss  ct  s n  t   fct t  stp,  cs 

t   cm pnnt n  t  ns tt pmn 

pmts.

gntc prsposton:  en  wt  mn  s tt  

ptnt   ct,  nt n cms n  ct.  

actns  mc cmmn n  sm m s tn  

ts.  Ts ssts tt ctn  ns  mpct.

Socl  fctors:  Ct  ttns,  p pss,  pt  

n  sc  ptn,  tmtc    xpncs n  

mnt  t  pms    ncs t  cncs  n  

ctn  pn.

PSyChoaCTive drugS
Stmulnts   pscct s tt ncs tnsmssn  

t snpss n  t n.  Ncotn  s mn cts n  t 

ns sstm t s stn  ct  t ts ctt  n  

snpss w pmn s t ntnsmtt. N ctn 

ns t cpts n  t p-snptc mmn, n t  

pztn n  ncs pmn s. Cocn   s 

cts t snpss tt s pmn s   ntnsmtt.  i t 

ns t n cks pmn ptk tnspts, wc  

pmp pmn ck nt t p-snptc nn, csn 

 cncnttns n  t snps n cntn  xcttn  

 t pst-snptc mmn.

Stvs   pscct s tt cs tnsmssn  

t snpss n  t n.  dzpm  (  nzzpn )  

ns t n   stc st n  gaba cpts n  pst-snptc 

mmns.  gaba s n  nt  ntnsmtt n  

wn t ns t  ts cpt   c cnn  pns,  

csn ppztn   t pst-snptc nn.  

Wn  zpm s n  t  t  cpt t c ns 

nt t   t t,  ntn n mpss n  t pst-

snptc nn.  Ttrhyrocnnbnol  (ThC)  s psnt n  

cnns.  i t ns t  cnnn  cpts n  p-snptc 

mmns,  ntn t s  ntnsmtts tt 

cs xcttn   pst-snptc nns.  Cnnn  

cpts   n  n  snpss n  s pts  t n,  

ncn t c m n  c  msps.  

eFFeCTS oF eCSTaSy
MdMa (csts)  s n  mptmn.  T s stn 

nc  MdMa pmtn t s  t sw-ctn 

ntnsmtts stnn  n  pmn n  t n.  an  

xmp  ts nc s n  n  t qstns t t  n  

 ts tpc.  

eNdorPhiNS aNd aNaeSTheTiCS
Pn cpts  nns  sns nns tt cn  

mpss t t c  ctx, w t cs t snstn  

 pn. enorphns  sct  t ptt n n t n  

ck cpts t snpss n ptws s n ts pcptn  

 pn. enpns t ct s nt  pnks.  

ansthtcs  ct  ntn wt n  tnsmssn  

twn s  sns pcptn n t CNS. T  

cs  s ss  snstn n pt  t  (c  

nsttcs)     (n  nsttcs) . gn  nsttcs 

cs ncnscsnss, s t ptnt s nt w  wt s 

ppnn. Ts s s  n mn sc  pcs.  

drug aPProval ProCedureS
Mn   tstn pcs   s n  tk mn  

s.  Ts cn   sttn  ptnts w mt nt.  

T  tn  ct s cts  nw s,  pssn  

st pp  pcsss n  ncn m tnc 

 sk.  T     tstn ncs s t  mnmz sk,  

s  n  n  xcptn  css s tstn t    

pc ps n  t  mmt.
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ethology (HL only)

evoluTioN  oF aNiMal behaviour
ethology  s t st   nm   n  nt  cntns.  Nt  sctn  cn  cn t qnc     ptc tp 

 nm  :   t   ncss t cncs  s  n  pctn,  t w   cm m pnt n  t 

pptn.  Cns n  nnt  pn  n    cn n  qncs  t  s tt cs t .  ln  

 cn  sp  t   pptn    st m t m p  tn  nnt  cs t s  pss  m 

n  t  n  wtt    qncs n t  cn.

eXaMPleS oF aNiMal behaviour
1.  Migration  in  lackcaps

bckcps   n  t   smm css mc  cnt  

n  ntn ep. T  tn mt t wm s   

t wnt. unt  cnt,  pptns n  gmn mt  t  

Spn   t Mtnn s. rcnt sts  swn 

  cn n  mtn pttn,  wt  10%  t s mtn 

t t uK. expmnts wt  s  swn tt t ctn  

 mtn s   gntic asis  s  cn  nt. T 

ckcps tt mt m gmn t t uK  t wnt 

nstnct  tn  t f  wst,  ws ts st   mtn t  

Spn  tn t f  stwst. Mtn t t uK s ncs  

  natural  slction  cnt  s wnts  cm wm 

n  mn pp t p    w  s n  wnt.

2.  blood sharing in  vampir ats

b  sn ws nstt  n    pptn  mp ts 

n  Cst  rc.  T    n  ps n    t nt   sckn 

  m  nms.  i  n  t ts n  t p s 

t     m tn tw cnsct nts t m    

sttn. hw,  ts tt    sccss  tt 

     t tt s   t . Tsts  swn tt 

ts s n wt t tw ts  ntc   t   nt.  

Ts s c   rciprocal  altruism  cs t t tt nts 

  t   n  t mt n  t t c   wn t s  

n. T s n  nt  t w p, cs t 

nt  cn   wn stn s t tn  t cst 

 ntn   t n w .

3.  Foraging in  shor cras

Foraging s scn  .  anms mst c wt tp 

 p  t  sc   n  w t  n  t.  Sts  swn 

tt nms ncs t cnc  s    optimal  pry  

choic.  F xmp,  t s c ps t  t msss 

 ntmt  sz wn psnt  n  n  qm wt  

nt szs  mss .  i t s  t msss  ntmt sz  

tt  t mst pt n  tms  t n     p 

scn   tm spnt kn pn t s s.

4. Courtship in  irds of paradis

M s  ps  sw pm n  t t 

  st  c     k,  t  pm   stnct courtship  danc.  

Fms wtc  t ms  sctn n  tm  

mtn.  i    m    ps s s  n  t  nst 

wt  t  ncmnc  n t  ts n  t pm 

tt mks t s  t  pts,  n   t s n n  

t  c  t   s ctsp  sps,  t mst    

        tnss.  i  ms s sw  pm 

n  ptc  s n  spctc ctsp ncs 

 mat slction  t  w   tn  t   spn t    

ms wt  t    tnss.  Nt  sctn  t 

css ts tts t  cm m n  m xt.

5.  brding stratgis in  salmon

C smn   n  s tt sc nt t Nt  Pcc 

ocn. at    t spwnn, n s mt t t  

cn w t  mn   s  s  tnn t  

. Ms tt w p  n    t  tn tw s 

t t w spwn  c   jacks.  Ms tt w ss 

p  mn  n  t cn  n  n,  t  tn  

sncnt   n   hooknoss.  Jcks n  knss 

pt nt n stts t mxmz t chancs 

of survival  and  rproduction .  hknss t c t  

ccss t ms n s, wt  t wnn sn spm 

 t s t t z tm. Jcks  nk  t  wn  ts,  

s   tm n  nst  snk p n  ms n  ttmpt 

t s  spm  t s  n ntc. T  

knss  nk  t  snk p n    m wtt n 

ntc, s mst t t knss n  n   jcks  

t   t  sccss  n  n.

6.  Synchronizd ostrus in  l ionsss

Fm   ns mn  n  t p  (p)  nt  wc  t  w 

n,  t ms  xp   wn 3   s  s .  at 

ms cn  n     t  cm t mnnt m 

n  nt p   tn.  Smtms tw  m cs  

t  n ms tt t  mnnc    p.  

Ts ncss t cnc  sccss,  spc    t   

tn   sn  mnnt m.  a   ms n    p tn  

t  cm nt  sts n  mt t t sm tm.  Ts s 

s  nts:  ms  t cs t t sm tm s 

     cttn w  t cs  sck n n  cn  sck 

c  ts cs wn t   ntn,  ncsn t cs 

cnc  survival .  as   p  m cs  t sm  

    t   t  p t t sm tm s cn  cmpt 

 mnnc  nt p m ct,  ncsn 

t cnc  rproduction .

7.  Fding on  cram y lu tits

b tts w st s  n  t 1920s pckn t t 

mnm cps  mk tts t ts ss.  amt 

wtcs  w  t sp   ts ,  n  t  

  tts n  t tts,  css ep m enn  t  t 

Ntns,  Swn n  dnmk.  T p  sp   t 

 pttn  sws tt t mst    t  larnd  t 

tn  nnt .  Nwspp tcs cnt  pt  

tt  tts   stpp  n n  cm m mk tts.  

Mc  ss mk s nw    t  stps cs mk n  

spmkts s cp.  as skmm mk,  wtt cm 

t t tp,  s cm pp wt  mns.  Ts m  xpn  

w   tts  st ts n   pttn.  
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Questions  neurobiology and behaviour

1.  T m sws pt  t CNS.  

I

VI

II

I I I

IV

V

)  Stt t nm  stcts i  t  v.  [5]

)  ot n t nctns  stcts i  t  i i i .  [6]

c)  expn  t pmnt  stct v n  n  m.  [3]

)  ot n t tps  cpt n  t n  ccpn  

t pstn  mk  vi .  [3]  

)  Stt t tps  pc tt   s  t  

nstt t nctns  pts  stct i .  [3]

2.  T p w sws t nst   s n  cns 

css t  tn.
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)   d stns  twn t sttn     n  cn 

c s css t tn.  [3]

)  dstns  twn t s  s n  cns.  [4]

c)  Cmp n  cntst pcssn n  t tn    

s  stm  n  s n  cns.  [3]  

3 .  a pstn  w ss cc mpnts t  p  

wt  nss s wtn t  css   .  vcs  

ppcn m t t.  

)  expn  wc  s  t n  s spns  

()  t pstn  sn ppcn cs [2]

( )  t pstn  n ppcn cs.  [2]

)  T pstn  tns t   t  t  t.  expn   

w ts mmnt s tct    sns  cpts,  

pt m ts n  t .  [2]

c)  a  tck s pst t pstn.  expn   

w t sm   t  s tct.  [2]

)  expn  w t cc mpnts p t  

pstn  t  .  [4]

4.  (hl)  T  m sws   t n    Sknn x.  
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)  Stt tw nms  t tp  nn tt ws 

nstt  sn Sknn xs.  [2]

)  ot n t   n  ts tp  nn 

()  t   w  [2]

( )  pssn t .  [2]

c)  dsn n xpmnt nt pnt cntnn nn 

t  stcts wtn t Sknn x. [6]

5.  (hl)  T  nstt t cts  MdMa (csts) ,  t  

mn nts w n  n  t nt s:  

  citalopram (which  inhibits reuptake of serotonin  from

snpss nt  p-snptc nns n  cs 

sctn   stnn  m tm) ,  

  ketanserin  (which  binds to  serotonin  receptors and 

cks tm) ,   

  haloperidol  (which  binds to  dopamine receptors and  has

ppst cts t  pmn) .

T nts w tn  n  1 .5  m/k  MdMa. 

Ctpm mk  c mst  t sjct cts 

 MdMa, ncn pst m, ncs  xtsn  

n  s-cnnc. hp  sct  c MdMa-

nc  pst m.  Ktnsn  sct  c  

MdMa-nc pcpt  cns n  mtn  xcttn.  

)  Sjct  cts cn  n   pc    t psn 

w tks   .  Sst  fcts  nsttn  

t sjct cts  s.  [2]

)  lst t sjct cts  MdMa. [3]

c)  Stt t nc m ts sc   t  

sjct cts  MdMa n mt  t 

stnn  n  pmn mt sm. [5]  

6.  (hl)  )  ot n wt s st    tsts.  [2]

)  usn t  xmps  mtn  n  ckcps n  

n n  cm m mk tts    tts,  

( )   scss wt pttns     

n   ntc.  [3]

( )  c wt  pttns sp   

t pptns st  n   ntc.  [2]

c)  expn  t nts  sncnz  sts n   

m   ns.  [4]
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INHIBITING BACTERIAL GROWTH  
The growth  o bacteria  can be inhibited  with  biocides.  This 

can  be demonstrated  by  this method: Make sterile  Petri  

dishes containing nutrient agar.  Spread  a  pure culture o a  

bacterium over the surace o the agar.   Place paper discs 

soaked in  biocide on  the agar surace, or cut wells in  the agar 

and  l l  with  biocide.  Incubate the dishes at the optimum 

temperature or the bacterium and  examine ater 36 hours.

This technique is used  to  test which  antibiotics kil l  the 

bacteria  causing a  patients d isease.  Clear areas are zones o 

inhibition  o bacterial  growth  (see page 66) .

B I O T E CH N O LO G Y  AN D  I N FO RM AT I CS

Microorganisms and fermenters

REASONS FOR USING MICROORGANISMS
Microorganisms  are  organisms that are  too smal l  to  see 

without magnication:  bacteria,  ungi  and  some protoctista.  

M icroorganisms are  oten  reerred  to  simply  as microbes.  

They  are very  widely  used  in  industry  or these reasons:

  they  are metabolically  diverse,  so  it is  possible  to  nd  a  

type to  carry  out many  dierent reactions

  they  are smal l  so  large numbers can  be grown

  they  have a  ast growth  rate.  

FERMENTERS
Large-scale  production  o useul  substances by  microbes 

requires the  use o vessels cal led  fermenters.  They  are 

usual ly  made o stainless steel  to  make steril ization  

easy.  The ermenter is l led  with  steri le  nutrient medium 

and  inoculated  with  a  chosen  microbe.  Conditions are 

maintained  at optimal  levels or the growth  o the microbe.  

Conditions such as pH  and  temperature are monitored  in  the 

ermenter using probes  and  levels are  adjusted  i they  move 

too ar rom the optimum. Because heat can  build  up as a  

waste product o metabol ism,  a  cool ing jacket surrounds 

the vessel  with  cool  water fowing through.  Sedimentation  

o microbes is prevented  by  an  impel ler (a  rotating set 

o paddles) .  Steri le  air is bubbled  through i the  desired  

metabol ic process is aerobic.  A pressure gauge detects gas 

build-up and  al lows waste gases to  escape.  Other waste 

products may  build  up in  the  medium and  eventual ly  l imit 

the ermentation.

There are two main  types o ermentation.  Nutrients are 

only  added  at the start with  batch  ermentation  and  when 

the yield  has reached  a  maximum the ermenter is drained  

to  harvest the product.  In  continuous culture  nutrients are 

added  during the ermentation,  so  they  do  not run  out and  

the product is harvested  during the ermentation.  
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steam
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motor
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PATHWAY ENGINEERING
The useul  product o microbes grown in  ermenters is the 

metabolite of interest.  Detailed  knowledge and  analysis o 

metabol ic pathways al lows scientists to  change conditions 

at multiple  points to  improve the yield  o the  metabol ite  o 

interest.  This is cal led  pathway engineering.  

Extra  substrates may  be added,  by-products that slow down 

the pathway  may  be removed  and  the range o products may  

be extended.  

In  many  cases genetic engineering is used  to  introduce extra  

genes or change how the expression  o existing microbial  

genes is regulated.  

GRAM  STAINING
Dierences in  bacterial  resistance to  biocides are due to  

dierences in  metabol ism or to  the structure o the cel l  wal l .  

There are two main  types o wal l  structure,  cal led  Gram-

positive and  Gram-negative.

thick layer of peptidoglycan

thin  layer of

peptidoglycan

Gram-positive

Eubacteriaplasma  membrane

of phosphol ipids and

proteins
Gram-negative

Eubacteria

outer membrane of

l ipopolysaccharide and  protein

inside

Procedure for Gram staining:

  smear a  smal l  sample o a  pure bacterial  culture on  a  

microscope sl ide with  an  inoculating loop

  pass through a  fame to  x the  bacteria  to  the sl ide

  stain  with  crystal  violet or 30  seconds 

  treat with  Grams iodine or 30  seconds (to  bind  crystal  

violet to  the outer surace o the bacteria)  

  decolorize with  alcohol  or 20  seconds (to  dissolve the 

outer membrane o Gram-negative bacteria  and  remove 

the  crystal  violet staining)

  counterstain  with  saranin  (which  is red)  or 30  seconds,  

then  rinse and  blot dry.

Under the microscope Gram-negative bacteria  wil l  be  red  or 

pink.  Gram-positive bacteria  wil l  be  violet.

B
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CITRIC ACID
Citric acid  is a  ood  additive,  used  as a  favour enhancer 

and  preservative.  Industrial  production  o citric acid  rel ies 

on  the ungus Aspergillus niger.  While  most industrial ly  

produced  citric acid  is made by  batch  ermentation,  

continuous ermentation  is a lso  sometimes used.  The 

optimal  conditions are high  d issolved  oxygen and  sugar 

concentrations,  an  acidic pH  and  a  temperature o about 

30  C.  Citric acid  is produced  in  the  Krebs cycle,  so  is 

a  primary  metabol ite.  I  the culture medium is under-

suppl ied  with  minerals such as iron,  citric acid  builds up in  

the ermenter and  can  be harvested  by  draining o fuid,  

l tration,  then  precipitation  by  adding calcium hydroxide.

TRANSGENIC ORGANISMS
The proteome  o a  species is the complete set o proteins 

that it can  produce.  I t depends on  the genes that are in  

the genome.  The proteome can  be altered  by  genetic 

engineering.  A new gene is added  to  the genome,  which  

is expressed  to  produce a  protein  not previously  in  

the proteome.  An  organism is transgenic  i i t has been 

genetical ly  modied  with  a  gene rom another organism. 

The new gene that is expressed  is the target gene.  I  the 

transgenic organism is to  be  useul  i t is  important that 

the target gene is expressed  at an  appropriate rate when  

required  and  not at other times.  This is achieved  by  l inking it 

to  other base sequences that control  i ts expression.  Marker 

genes are also l inked  to  the  target gene to  indicate whether it 

has been successul ly  taken up by  the intended  transgenic 

organism. For example,  a  gene or antibiotic resistance is 

used  to  indicate whether cel ls have taken up a  target gene.  

Cel ls that have not are kil led  when  treated  with  the antibiotic.  

Bioinormatics makes it relatively  easy  to  nd  target genes 

in  other species,  as explained  on  this page (right,  open  

reading rames)  and  in  Topics 8  and  9 .  

OPEN  READING FRAMES
A reading rame  is a  sequence o consecutive, non-

overlapping codons in  DNA or RNA. There are three possible  

reading rames in  any piece o DNA or RNA. The start codon 

determines which o these should  be used. An open reading 

rame  (ORF)  is a  length o DNA rom a  start codon to a  stop 

codon that is long enough to code or a  polypeptide. One 

hundred or more triplets o nucleotides are usually  expected in  

an ORF. They can be on either strand o DNA but the start codon  

must be at the 5  end  o the DNA sense strand and thereore 

also at the 5  end  o mRNA. The start codon is AUG (in  mRNA)  

and the three possible stop codons are UAG, UAA and UGA.  

Example:

DNA 5  T G C G A T G A C T T A A C G

DNA 3  A C G C T A C T G A A T T G C

RF1  5  U G C G A U G A C U U A A C G

RF2 5  G C G A U G A C U U A A C G

RF3  5  C G A U G A C U U A A C G

Reading rame 1  (RF1)  does not contain  stop or start codons.  

RF2  contains a  start codon but soon ater a  stop codon so is 

not an  ORF.  RF3  includes a  stop codon but no  start codon.  

Microorganisms in  industry

PENICILLIN
Alexander Fleming discovered  penicil l in  in  the 1920s by  

chance.  A Petri  dish  on  which he was growing bacteria  

became contaminated  with  Penicillium  and  bacterial  colonies 

near the ungus died.  Fleming real ized  that a  chemical  

produced  by  the ungus was acting as a  biocide.  This is one 

o the best-known examples o serendipity  in  biology.  

In  the 1940s methods or mass producing penicil l in  by  

deep-tank ermentation  were developed. The ungus 

Penicillium  is an  obl igate aerobe so oxygen is bubbled  

through the ermenter,  with  paddles to  distribute it evenly.  

Optimum conditions are 24 C and  sl ightly  alkaline pH.  The 

nutrient source is corn  steep l iquor.  Penicil l in  is a  secondary  

metabolite that is only  produced  i nutrient concentrations 

are low, so  batch culture  is used. Initial ly  high nutrient 

concentrations stimulate the ungus to  grow. About 30 hours 

ater the start o the batch  culture nutrient concentrations 

have dropped  so penicil l in  production  starts and  continues 

or about 6  days,  ater which  the ermenter is drained  and  the 

l iquid  ltered.  Solvents are used  to precipitate the penicil l in.

BIOGAS
Biogas  is  the combustible  gas produced  in  a  ermenter by  

the anaerobic breakdown o organic matter such  as manure,  

waste plant matter rom crops and  household  organic waste.  

Depending on  the construction  o the ermenter,  biogas 

is mostly  methane with  some carbon  dioxide.  A series o 

processes is carried  out by  d ierent bacteria:  

  conversion  o raw organic waste into  organic acids,  

a lcohol ,  hydrogen  and  carbon dioxide;  

  conversion  o organic acids and  alcohol  to  ethanoic acid,  

carbon  dioxide and  hydrogen;  

  production  o methane by  reducing carbon dioxide with  

hydrogen  or spl itting ethanoic acid:

CO
2
 +  4H

2
   CH

4
 +  2H

2
O

or CH
3
COOH    CH

4
 +  CO

2

Bacteria  that produce methane are methanogens.

The gure below shows a  simple biogas generator. Mylar 

balloons are the type that are lled  with helium as party  

balloons. The eedstock bottle should  be plastic rather than  

glass due to the risk o explosion. The tube clamps can be 

used to prevent gas leakage when the balloon is disconnected.   

Insulating tape seals the balloon to the tube junction.

feedstock

the end  of this

tube must  be

ABOVE the  level

of the feedstock

seal  Mylar bal loon  to  glass

tube with  insulating tape

Mylar

bal loon

rubber tube

tube clamps

glass connector tubes
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TECHNIQUES OF GENETIC MODIFICATION
DNA containing the target gene, marker gene and  sequences 

or control l ing gene expression is prepared. This is known as 

recombinant DNA.  For successul  genetic modication it must 

be inserted  into a  cel l  o the crop plant and  be taken up by  a  

chromosome in  the nucleus or by  the DNA o the chloroplast.  

In  some cases the recombinant DNA is introduced  into  a  

whole plant .  In  other cases it is  introduced  into  a  lea disc,  

or into  a  protoplast which  is a  single  cel l  rom which  the cel l  

wal l  has been removed.  

The DNA can  be introduced  by  d ierent methods.

Direct physical methods:

  electroporation  electric elds cause pores to  open 

briey  in  membranes so DNA can  enter cel ls

  microinjection   one micropipette holds the cel l  while  

another injects the DNA through a  tiny  needle

  biolistics  (gunshot)   tiny  metal  bal ls with  DNA on  the  

surace are red  at the  plant and  penetrate  cel ls

Direct chemical methods:

  calcium chloride    cel ls incubated  in  a  cold  CaCl
2
 solution  

take up DNA when given  a  heat shock 

  l iposomes    articial  vesicles containing the DNA use 

with  the cel l  membrane o protoplasts

Indirect methods using vectors:

  Agrobacterium tumefaciens    a  bacterium that inserts a  

plasmid  into  plant cel ls with  the target gene

  tobacco mosaic virus    a  virus that inserts RNA into  plant 

cel ls,  with  the  RNA including the target gene.  

GLYPHOSATE RESISTANCE IN  SOYBEANS 
General  herbicides (weedkillers)  such as glyphosate kill  all  plants 

so cannot normally be sprayed onto growing crops, but a  gene 

or glyphosate resistance has been transerred to soybeans 

and other crops, making this possible. The gene was transerred  

using a strain o the bacterium Agrobacterium tumefaciens  that 

contains a tumour-inducing plasmid (Ti  plasmid) . The bacterium 

injects the Ti  plasmid through a pilus into plant cells and DNA rom 

it becomes incorporated into chromosomes in the nucleus. A 

glyphosate resistance gene was inserted into the Ti  plasmid along 

with a kanamycin resistance gene. The recombinant Ti  plasmids 

were reinserted into A.  tumefaciens  and sections o soybean  

lea were exposed to these bacteria. Kanamycin was used to kill  

lea cells that had not taken up the Ti  plasmid and a glyphosate-

resistant variety o soybeans was developed rom surviving cells.  

The introduction o glyphosate resistant varieties o crop plants 

has been controversial.  Potential  benets include the reduced  

need  or weed control  by  ploughing. Ploughing increases soil  

erosion and has harmul  eects on  the soil  community. Lower 

concentrations o glyphosate may be sufcient to control  weeds 

and other more harmul  herbicides may not have to be applied.  

There also signicant risks, especially  the possible escape o 

glyphosate resistance genes into wild  populations o plants.  

There have already been problems with glyphosate resistant 

strains o weeds that could  previously  have been controlled  with  

this herbicide, but now cannot. This is an agricultural  rather than  

an environmental  problem. Careul  evaluation o environmental  

risks and  benets is essential  beore decisions are made about 

the use o genetically  modied crops.

PRODUCTION  OF HEPATITIS B  VACCINE 
IN  TOBACCO PLANTS
Tobacco mosaic virus (TMV)  enters tobacco cel ls and  then  

uses the metabol ism o the cel l  to  translate some o its 

genes into  proteins and  to  repl icate the RNA that is its 

genetic material .  I t can  spread  rom cel l  to  cel l  to  inect a  

whole tobacco plant.  

I  TMV is genetical ly  modied,  the  novel  genes are expressed  

in  inected  tobacco cel ls.

Vaccination programmes in  remote areas are difcult because 

o problems with  access and  rerigeration o vaccines.  

Hepatitis B vaccine contains Hepatitis B small  surace  

antigen (HBsAG) .

TMV has been  genetical ly  modied  with  the gene rom the 

Hepatitis B  virus or making HBsAG. Tobacco plants are then  

inected  with  the genetical ly  modied  TMV,  to  try  to  produce 

HBsAG in  bulk.  The tobacco plants are  harvested  and  dried.  

I  a  person eats some o the dried  material  the HBsAG in  it 

should  stimulate production  o antibodies against Hepatitis 

B  and  thereore induce immunity  to  the disease.  This is an  

easier way  to  give a  vaccine than  steri le  injection  o a  l iquid  

vaccine that has to  be rerigerated.  

Genetic modifcation o crop plants

AIMS OF CROP GENETIC MODIFICATION
1. Novel  products    a  gene is inserted  to  al low crop plants 

to  make something that they  could  not beore.

2.  Overcoming environmental  resistance    genes are 

inserted  to  give greater tolerance to  sal ine soils,  rosts,  

or some other actor l imiting crop growth.

3.  Pest resistance    a  gene is inserted  or making a  toxin  

that ki l ls pests eating the crop  see Topic 3 .  

4.  Herbicide resistance    a  gene is inserted  so  a  herbicide 

can  be used  without ki l l ing the  crop plants.

AMFLORA POTATO
Potato  starch  is used  as an  adhesive and  a  coating or paper.  

I t is  the  amylopectin  orm o starch  that is useul  or these 

purposes.  Granule-bound  starch  synthase (GBSS)  is an  

enzyme used  to  make amylose but not amylopectin.

A gene was inserted  into  potato cel ls with  the same 

base sequence as the gene or GBSS,  but in  reverse.  The 

mRNA transcribed  rom it thereore has a  base sequence 

complementary  to  the base sequence o mRNA transcribed  

rom the normal  GBSS gene.  I t has the antisense  sequence 

rather than  the sense sequence.  The antisense mRNA 

pairs with  the sense  mRNA to  orm double-stranded  RNA. 

This cannot be translated  by  ribosomes and  GBSS is not 

produced,  so  more than  99% o starch  made by  the  potato 

plants is amylopectin.  The new genetical ly  modied  variety  

o potato was named  Amora .  
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Bioremediation

USING MICROBES IN  BIOREMEDIATION
Bioremediation  is the use o microbes to remove environmental  

contaminants rom water or soil. The metabolic diversity o 

microbes allows a wide range o contaminants to be treated by  

bioremediation. The contaminant is absorbed by the microbe and  

used in its metabolism, with non-toxic waste products released  

back into the environment. Some contaminants are used as an  

energy source in cell  respiration in the microbe. Bioremediation  

is sometimes combined with other procedures. Physical  

methods include removal o oil  oating on water using skimmers.  

Chemical  treatments include injecting oxidizing chemicals such 

as ozone or hydrogen peroxide into soils to destroy toxins.  

EXAMPLES OF BIOREMEDIATION
1. Benzene

Oshore oi l  wel ls generate large volumes o sal ine 

wastewater contaminated  with  hydrocarbons.  Benzene is o 

particular concern  as it can  persist in  the environment or a  

long time,  is moderately  soluble  in  water and  is carcinogenic.  

Bioremediation  is d ifcult as the saltwater ki l ls most 

bacteria.  Some Archaea  are  adapted  to  l ive in  highly  sal ine 

water (halophiles) .  Marinobacter hydrocarbonoclasticus  is  a  

halophil ic archaean that degrades benzene.

2.  Crude oil

Where oi l  occurs in  rock near the ocean  oor,  it can  seep into  

the water through  cracks and  vents.  Some members o the 

genus Pseudomonas  can  use the crude oi l  as an  energy  and  

carbon  source.  Clean-up at oi l  spil ls oten  involves seeding 

the spil l  with  Pseudomonas.  These microbes also need  

nutrients such  as potassium and  urea  to  metabol ize  the  oi l  

at a  aster rate so they  are sprayed  on  to  the oi l  spil l  to  aid  

the bacteria  in  their work.

3.  Methyl  mercury

Mercury  ends up in  garbage dumps as a  component 

o certain  paints and  l ight bulbs.  Elemental  mercury  is 

converted  in  dumps into  the highly  toxic compound  methyl  

mercury  by  the bacterium Desulfovibrio desulfuricans.  

This orm o mercury  adheres to  cel l  membranes and  then  

dissolves in  them. I t is  not easily  removed,  so  builds up in  

ood  chains by  biomagnication.

The bacterium Pseudomonas putida  can  convert the  methyl  

mercury  to  methane and  mercury  ions.  Other bacteria  

then  use the soluble  mercury  ion  as an  electron  acceptor 

resulting in  insoluble elemental  mercury  being reormed.  

I  this process is carried  out in  a  bioreactor,  the elemental  

mercury  can  be separated  rom waste water as it is  insoluble 

and  sinks due to  its density.

BACTERIOPHAGES AND WATER 
TREATMENT
Biolms can orm inside pipes or other parts o water supply  

systems. Bacteria in the interior o these biolms can be resistant 

to disinectants. Viruses that kill  bacteria (bacteriophages)  are 

used increasingly to remove biolms. Biolms o E.  coli are  

removed by the bacteriophage T4 or example.

BIOFILMS
Although bacteria  can  exist as single  cel ls,  some species 

also orm cooperative aggregates.  For example,  layers o 

bacteria  cal led  bioflms  can  orm on  rocks or other suraces.  

The cel ls jointly  secrete an  extracel lular matrix o adhesive 

polysaccharides,  sticking the cel ls to  the surace and  to  each  

other.  Single  cel ls cannot produce enough  polysaccharide  

or efcient adhesion.  

This is an  example  o quorum sensing  where the density  

o a  population  triggers particular types o behaviour.  Each  

cel l  secretes signal l ing molecules that bind  to  receptors on  

other cel ls and  i the population  density  is low,  not enough 

o the  signal  is  received  to  trigger secretion  o extracel lular 

polysaccharide.  

M icrobes in  biolms are sometimes very  resistant to  

antimicrobial  agents because the polysaccharide  matrix 

acts as a  physical  barrier to  penetration.  Antibiotics that 

ki l l  d ividing cel ls sometimes ai l  to  work due to  reduced  

cel l  d ivision  rates in  biolms.  This increased  resistance 

to  antimicrobials is an  example o an  emergent property .  

Biolms have several  emergent properties,  but multicel lular 

organisms have more.  

The structure  o biolms is being investigated  with  laser-

scanning microscopes.  This type o microscope was 

developed  in  the  latter part o the 20th  century.  I t a l lows 

high-resolution  images to  be obtained  at d ierent depths 

in  a  specimen,  so  the three-dimensional  structures can  be 

determined.  Using laser-scanning microscopes researchers 

have been able  to  obtain  a  deeper understanding o the 

structure  o biolms.  

Biolms can  cause environmental  problems such as 

clogging and  corrosion  o pipes,  transer o microbes in  

bal last water on  ships and  contamination  o suraces in  ood  

production  areas.  There have been  many  media  reports 

about these problems recently  and,  as with  al l  such  reports,  

it is  important to  evaluate the scientic evidence or any  

claims that are made.

BIOFILMS IN  SEWAGE TREATMENT
The diagram shows a  trickle  lter bed  or sewage treatment.  

spray  nozzles

rock fragments

with  a  large

surface area  on

which  microbes

grow
outow of

treated  sewage
inow of

raw sewage

rotating boom

Biolms orm on  the  surace o the rock ragments.  They  

contain  decomposers,  which  digest organic matter in  the 

sewage into  inorganic compounds such as ammonia,  and  

also nitriying bacteria  that convert ammonia  to  nitrates.  
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Biotechnology in  diagnosis (HL only)

DETECTING DISEASE
1. Metabolic diseases  are  detected  by  the presence o 

specic metabol ites in  blood  or urine.  For example 

diabetes is detected  by  the  presence o high  

concentrations o glucose and  PKU  is detected  by  

elevated  levels o phenylalanine.

2.  Predisposition to a  genetic disease  can  be detected  by  

the presence o genetic markers.  These are particular 

al leles that either contribute to  the disease or are 

genetical ly  l inked  to  genes that inuence the disease.  

The marker is detected  by  various methods such as 

microarrays  or PCR  combined  with  gel  electrophoresis.  

3.  Infectious diseases  are caused by  pathogens. I t is  

important to be able to identiy  the precise strain o 

a  pathogen that is causing a  disease. This is done by  

detecting the presence o the pathogens genetic material,  

or example with microarrays  or PCR.  I t can also be done 

by detecting a  chemical  produced by the pathogen that 

acts as an antigen, or example with the ELISA test.

The diagnostic methods used  or detecting genetic 

material  and  antigens have been  improved  greatly,  but 

scientists continue to  look or technological  innovations 

that could  be used  to  improve the diagnosis or treatment 

o d iseases.

4.  Tumours  can  be located  using tracking experiments  with  

uorescent (luminescent)  probes.  

M ICROARRAYS
A microarray  is a  small  surace with a  large range o DNA 

probe sequences adhering to it.  Mil l ions o probes per square 

centimetre may be present. Microarrays are designed  to test 

or specic mRNA sequences in  tissues. Reverse transcriptase 

is used  to make a  DNA copy (cDNA)  o the base sequence 

o each type o mRNA in  a  tissue. Fluorescent dye is l inked  

to each cDNA. The microarray is exposed to the cDNAs long 

enough or hybridization between xed probes and  cDNAs 

that have complementary  base sequences. The microarray  is 

then rinsed to remove cDNA that has not hybridized.  

The microarray  is exposed  to  laser l ight,  which  causes the 

uorescent dye to  give o l ight.  This shows which  probes on  

the microarray  have hybridized  with  cDNA and  thus which  

mRNA sequences there were in  the tissue.  

Patterns o gene expression in  two tissues can be compared  

by  preparing cDNA samples rom their mRNA with dierent 

uorescent dyes to mark them. I green and red  dyes are 

used, these colours on the microarray indicate the presence o 

an mRNA in  one tissue but not the other and yellow indicates 

that the mRNA was in  both  tissues.

Analysis o a  microarray  thus involves examining the  

pattern o dots o the dierent possible colours. The pattern  

changes as gene expression changes. There are marked  

changes in  gene expression when cells become tumour 

cells,  al lowing detection and characterization o cancer. More 

subtle dierences can also be used to test an  individual  or 

genetic predisposition to diseases or to test or a  specic 

genetic disease.  

PCR
The basic procedure or PCR is described  in  Topics 2  and  3 .  

A modied  version  can  be used  to  detect dierent strains 

o the  inuenza  virus.  This virus uses RNA as its genetic 

material .  Cel ls are taken rom an  inected  patient and  the 

RNA is extracted  rom it.  This wil l  include both  inuenza  RNA 

and  the patients own mRNA. Reverse transcriptase is used  

to  produce cDNA copies o al l  the RNA in  the sample.  Primer 

sequences specic to  the strain  o inuenza  being tested  

or are then  added  and  PCR is carried  out.  I  this strain  was 

present in  the patient,  many  copies o double-stranded  

DNA are produced,  with  viral  base sequences on  one o the 

strands.  Fluorescent dyes that bind  to  double-stranded  DNA 

can  be used  to  detect this DNA.  

ELISA 
This test can  be  used  to  detect antigens specic to  a  

pathogen  or antibodies indicating inection  with  the 

pathogen.  I t involves adsorption  o antibodies to  antigens or 

vice versa  and  also a  colour change caused  by  an  enzyme, 

so  is cal led  enzyme-linked immunosorbent assay  (ELISA) .  

I  antigens are the target molecule  o the test,  antibodies 

that bind  to  the antigen are used  as the capture molecule,  

and  vice versa  i antibodies are the target molecule.  The test 

involves these steps:

1 .  Capture molecules are l inked  to  the surace o a  wel l  on  a  

plastic microtitre  plate.  The plate has many  smal l  wel ls,  

each  o which  is used  or one test.

2.  The sample being tested  is placed  in  a  wel l  to  expose it to  

the  surace and  let any  target molecule  bind  to  a  capture 

molecule  (immunosorbence) .

3 .  Antibodies that have been  l inked  to  an  enzyme are  

added.  These antibodies bind  to  any  target molecules 

that are adsorbed  to  capture molecules.

4.  The surace is rinsed  to  remove al l  enzymes that are not 

bound  to  adsorbed  target molecules.  

5 .  A substrate  is added  that the  enzyme changes to  a  

d ierent colour,  indicating the presence o the target 

molecule.  

Interpretation  o the results o ELISA tests is quite  

straightorward.  I  the colour change has occurred  in  a  wel l ,  

the test result is  positive  and  the target molecule (antigen  

or antibody)  was present in  the sample.  The stronger the 

colour,  the  more o the target molecule  was present.  

TRACKING EXPERIMENTS
The movement o specic proteins in  the body  can  be 

ol lowed  using tracking experiments in  which  a  probe is 

attached  to  the  protein.  Radioactive probes can  be located  

using a  PET scan  and  uorescent dyes used  as probes are 

located  with  a  microscope.  For example,  tumour cel ls have 

more receptors or the protein  transerrin  in  their plasma 

membranes than  normal  body  cel ls,  so  i uorescent dyes 

are attached  to  transerrin,  tumour cel ls in  a  sample are 

revealed  by  uorescence on  the cel l  surace.  This method  

may  help  with  difcult-to-diagnose cancers.
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Biotechnology in  therapy (HL only)  

BIOPHARMING
Use o genetical ly  modied  bacteria  or production  o insul in  

is described  in  Topic 3 .  Some proteins that have therapeutic 

uses cannot easily  be made using bacteria  because post-

translational  modications carried  out by  a  Golgi  apparatus 

do not occur.  An  example o a  modication  is addition  o 

sugars to  convert a  protein  to  a  glycoprotein.  

Genetical ly  modied  eukaryotes are used  to  make these 

proteins.  Animals and  plants have both  been  used,  either 

whole  or in  cel l  cultures.  This branch o biotechnology  is 

whimsical ly  cal led  biopharming.  

Example of biopharming:  antithrombin

Antithrombin is a  glycoprotein that regulates blood coagulation.  

Antithrombin deciency is a  genetic disease that results 

in  excessive blood clot ormation. I t can be treated using 

antithrombin rom donated blood, but the supply  has been  

increased hugely by production in goats. The gene or 

human antithrombin  

was inserted into  

goat embryos by  

microinjection,  

together with  

regulatory sequences 

that ensure the gene is 

only  expressed in the 

mammary glands o 

lactating emale goats.  

The antithrombin is 

thereore secreted in  

milk and can easily  be  

puried rom it.  

CHROMOSOME 21  AND ENSEMBL
Chromosome 21  is o particular interest because a  person 

with  three copies o its genes has Down syndrome. Ensembl  

sotware can  be used  to  explore inormation  about the 

genes on  this chromosome in  databases.  Sequence data  

stored  in  databases is increasing exponential ly.  Scientists 

throughout the world  can  get access to  databases easily  via  

the internet  an  example  o cooperation  and  col laboration.  

Ensembl  is  a  database and  genome browser that col lates 

inormation  or 75  organisms and  acil itates analysis 

o the  coding and  non-coding sequences o each  o 

the chromosomes rom these species.  To  explore the 

capabil ities o Ensembl,  open the Ensembl  website and  

choose Human then  View karyotype then  chromosome 21 

and  Chromosome summary.  Ensembl  shows the location  o 

protein  coding genes on  the chromosome and  other genes.  
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Ensembl  al lows the genes on  human chromosome 21  to  

be compared  with  the equivalent chromosome in  other 

species,  helping investigate unctions o genes and  perhaps 

therapies or Down syndrome.  

VIRAL VECTORS AND GENE THERAPY
In gene therapy, working copies o a  deective gene are inserted  

into a  persons genome. In  somatic therapy  the modied cells 

are somatic (body)  cells. In  germ line therapy  therapeutic genes 

are introduced into egg or sperm cells so the missing gene is 

expressed in all  cells o organisms derived rom these gametes.

Viruses have had mil l ions o years to evolve efcient 

mechanisms or entering mammalian cells and delivering 

genes to them. They sometimes also incorporate these 

genes into the host cell s chromosomes. Viruses are thereore 

obvious candidates or the gene delivery  system, needed in  

gene therapy. Modied viruses must be produced containing 

the desired gene, which wil l  inect target cells but which are 

not virulent because they wil l  not replicate to orm more virus 

particles. A modied virus that is used in  this way is cal led  a  

viral  vector.  Retroviruses are the most widely  used viral  vectors.  

Adenoviruses are also sometimes used; they  do not insert 

DNA into the host cell s nucleus, which avoids some potential  

problems but means that the gene is not routinely  passed on  

to the next generation o cells by  mitosis so treatment has to  

be given more requently. A challenge o using any virus as a  

vector is that the host may develop immunity  to it.

One example o the use o viral  vectors is in  the treatment o 

SCID  (severe combined  immuno-deciency) , a  genetic disease 

that is due to the lack o an enzyme cal led  ADA. A amous early  

case involved a  baby called  Andrew (right) .

Genetic screening before birth

shows that  Andrew has SCID  

Blood  removed  from Andrews

placenta  and  umbil ica l  cord

immediately  after birth

contains stem cel ls.  These are

extracted  from the  blood  

The a l lele  that  codes for ADA

is obtained.  This gene is

inserted  into  a  retrovirus 

Retroviruses are  mixed  with

the stem cel ls.  They  enter

them and  insert  the gene into

the stem cel ls   chromosomes

Stem cel ls  containing the  working ADA gene are

injected  into  Andrews blood  system via  a  vein.   

For four years T-cel ls  (white  blood  cel ls) ,

produced  by  the  stem cel ls,  made ADA

enzymes,  using the  ADA gene.  After four years

more treatment  was needed.   
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Bioinformatics (HL only)

BLAST SEARCHES
Because o common ancestry,  similar base and  amino acid  sequences are oten  ound  in  d ierent organisms.  As a  result o 

polyploidy  and  gene dupl ication  there are sometimes two or more similar sequences in  one organism. The Basic Local  Al ignment 

Search  Tool  (BLAST)  can  be used  to  nd  similar sequences in  databases.  This sotware identies the sequences and  displays 

them alongside each  other (sequence alignment) ,  a l lowing analysis o similarities and  dierences.  There are dierent versions:  

BLASTn  is  used  to  al ign  nucleotide  sequences in  nucleic acids;  BLASTp  is  used  to  al ign  amino acid  sequences in  proteins.  A 

typical  use o BLAST is this:

  A researcher nds an  open reading rame (ORF)  in  an  organisms DNA but is unsure whether it is a  protein  coding gene.

  The amino acid  sequence corresponding to  the  base sequence is deduced.

  I  BLASTp identies similar amino acid  sequences in  other organisms,  the  ORF is probably  a  protein-coding gene.

  I the similar sequences have known unctions, the protein coded or by the new gene probably has the same or a  similar unction.  

To  compare two protein  sequences,  go to  www.ncbi.nlm.nih.gov and  explore the current versions o BLAST.  Find  the GI  (sequence 

identication  number)  o two potential ly  similar proteins.  Choose BLASTp and  then  Al ign  two (or more)  sequences.  Enter the 

GI  codes and  then  cl ick on  BLAST.  The amino acid  sequences wil l  be  shown alongside each  other.  For example,  i you  enter the 

codes or elephant insul in  (69307)  and  ostrich  insul in  (69327)  the  sequence al ignment is this:

Elephant insulin FVNQHLCGSHLVEALYLVCGERGFFYTPKTGIVEQCCTGVCSLYQLENYCN

Ostrich insulin AANQHLCGSHLVEALYLVCGERGFFYSPKAGIVEQCCHNTCSLYQLENYCN

The amino acids are  shown using a  standard  single-letter code that can  easily  be downloaded.  For example the rst amino acid  

in  elephant insul in  is phenylalanine (F)  but in  ostrich  insul in  it is  a lanine (A) .  There  are  51  amino acids in  each  version  o insul in.  

The amino acid  sequence is identical  across much o the proteins but there are some dierences that can  be identied  by  

careul  comparison  o the  sequences.

EXPLORING GENE FUNCTIONS
Model  organisms are  species that have been intensively  

researched  not only  because o interest in  that species 

but because related  species are l ikely  to  be similar in  

many  ways.  A l ist o model  organisms is given  in  Option  A.  

The unction  o a  gene in  an  organism can  be predicted  i 

the unction  o a  gene with  a  similar sequence in  a  model  

organism is known. The mouse is the  mammal  that has been 

used  as a  model  organism so gene unctions in  humans are  

predicted  rom those in  mice.

One approach to determining the unction o genes in mice is 

knockout technology.  Mice are genetically  modied so they  

only have non-unctional  versions o a  specic gene. From the 

change to the phenotype o the mouse, researchers can deduce 

the gene unction. For example, a  strain o knockout mice were 

produced that only  had non-unctioning versions o the leptin  

gene. These mice became very obese, showing that leptin has a  

role in  regulating at deposition or energy metabolism.   

DATA MINING WITH  ESTS
ESTs are  expressed sequence tags.  I  a  gene is being 

expressed,  mRNA transcribed  rom it can  be extracted  rom 

a  cel l .  To  make ESTs,  cDNA copies o the mRNA are made 

using reverse transcriptase and  200 to  500 nucleotides-long 

sequences are copied  rom both  the 5   end  and  the 3  end  

o the cDNA.  These are  the  ESTs.  The 5   end  tends to  have a  

sequence conserved  across species and  gene amil ies.  The 

3   end  is more l ikely  to  be unique to  the gene.  

ESTs can  be  used  to  nd  the locus o a  gene within  the 

genome  its position  on  a  particular chromosome. They  can  

also be  used  to  search  or similar sequences in  databases 

o ESTs,  to  try  to  match  the gene to  other similar genes o 

known unction.  This is an  example  o data  mining.  

CONSTRUCTING CLADOGRAMS
Phylogenetics  is  the 

study  o the evolutionary  

history  o groups o 

organisms.  Bioinormatics 

has revolutionized  

phylogenetics.  Sequence 

al ignment sotware al lows 

comparison  o base 

or amino acid  sequences rom many  organisms. Then  

computer sotware is used  to  construct cladograms  (tree 

diagrams) .  The basic eatures o cladograms are described  

in  Topic 5.  

Some cladograms are  also phylograms,  because the length  

o each  branch is proportional  to  the amount o d ierence.  

The example (above)  is a  cladogram or ve amil ies o 

butterfy  but is not a  phylogram.

The sequence dierences between  organisms in  a  group are 

the result o mutations.  Computer sotware that produces 

cladograms uses the  principle  o maximum parsimony   the 

most l ikely  origin  o organisms in  a  group is the one involving 

the ewest mutations.  

Cladograms do not show the evolutionary  history  o 

groups o organisms with  certainty,  but merely  what is 

most probable based  on  the  sequences used.  I  urther 

cladograms based  on  sequences in  d ierent genes suggest 

the same evolutionary  history,  i t is  less l ikely  to  be alsied.  

Simple cladograms o related  organisms can  be  constructed  

with  DNA sequences available  on  the NCBI  website  and  

with  ClustalX  and  PhyloWin  sotware.  Detailed  instructions 

are not given  here  as details o websites and  sotware are  

evolving rapidly.

Pieridae

Papil ionidae

Riodinidae

Lycaenidae

Nymphal idae
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1. The diagram shows a  biogas ermenter used  on  arms.

 

I

I I

I I I  

a)  Suggest two materials that might be loaded  at I .  [2]

b)  Outl ine the ideal  conditions inside the ermenter.  [3]

c)  Describe the substances that emerge rom I I  and  I I I  and  

how they  are  used.  [5]

d)  Outl ine an  environmental  benet o using biogas 

ermenters.  [2]

2.  The electron  micrograph  shows a  biolm o Staphylococcus 

aureus  bacteria  inside a  catheter used  to  drain  urine 

continuously  rom a  patients bladder.

a)  ( i)  Calculate the magnication  o the micrograph [2]

(i i)  Calculate the actual  size o the bacteria.  [2]

b)  Explain  how the bacteria  developed  a  biolm. [4]

c)  Suggest two concerns about biolms in  catheters.  [2]

The graph  below shows the mean depths o biolms o S.  

epidermis  with  and  without antibiotic treatment.  The positive  

control  received  no antibiotic.  The bacteria  in  the negative 

control  were kil led  with  ethanol .
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d)  Discuss the efectiveness o the  three antibiotics in  

control l ing the biolms.  [3]

e)  This research  was carried  out using conocal  scanning 

laser microscopy.  Suggest an  advantage o this new 

technique or this research.  [2]

3.  The d iagram below shows how a  soy  bean  cel l  can  be 

genetical ly  modied  using Agrobacterium tumefaciens.

I

VII

VI

I I

I I I

IV

V

a)  Name structures I  to  VI .  [6]

b)  Structure VI I  is  the  Ti  plasmid.  I t contains genes needed  

or attachment to  the host cel l  and  or tumour induction.  

( i)  State two other genes that are l inked  in  the Ti  

plasmid  to  genetical ly  modiy  soybeans.  [2]

(i i)  Explain  reasons or using each  o these genes.  [4]

c)  Outl ine the stages in  producing GM  crop plants ater the 

stages shown in  the diagram. [3]

4.  (HL)  The diagrams show our stages in  a  test or H IV 

antibodies that is carried  out in  wel ls on  a  plastic plate.

a)  State the name o this type o d iagnostic test.  [1]

b)  Explain  what has happened  in  each  o the  our  

stages.  [6]  

c)  Distinguish  between  the  events shown in  the  

d iagram and  the outcome i the  sample being tested   

was H IV-negative.  [3]

5.  (HL)  (a)  Compare and  contrast BLASTn  and  BLASTp in  

bioinormatics.  [4]

b)  Outl ine the use in  bioinormatics o

(i)  databases [2]  

( i i )  model  organisms [2]

(i i i)  multiple  sequence al ignment [2]

(iv)  knockout technology  [2]

(v)  EST data  mining.  [2]

c)  Explain  two conclusions that can  be  drawn rom the 

phylogram showing three species o Mycosphaerella  

ungi,  which  grow on  bananas.  [2]

M.  jiensis

98

93

M.  eumusae

M.  musicola

Questions  biotechnology and bioinformatics
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C

Community  structure

PLANT AND ANIMAL DISTRIBUTIONS
The distribution  o a  species is the range o places that 

it inhabits.  Plant and  animal  species are l imited  in  their 

d istributions by  abiotic actors.  These l imits are shown in  

graphs as l imits of tolerance  and  zones of stress.  
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Plant example  Black mangrove  (Avicennia germinans)  is  

a  tree that inhabits areas with  mean  temperatures o 20  C 

or more.  I t cannot survive cold  and  rost stress.  I t thrives 

in  waterlogged  soils that contain  l ittle  or no  oxygen with  

reducing conditions as low as 200 mV. I t does not survive 

i soils periodical ly  dry  out.  I t tolerates a  wide range o soil  

pH  rom 5.3  to  7.8  and  also a  wide range o soil  sal inity  

up to  90  parts per thousand  (ppt) ,  which  is higher than  

seawater (35  ppt) .  Black mangrove is ound  in  intertidal  

orests (mangroves)  in  tropical  and  subtropical  areas with  

waterlogged,  anaerobic soils and  very  variable  soil  sal inity.  

Example  Dog whelk (Nucellus lapillus)  is  a  sea  snail  that 

can  survive out o water or a  l imited  period  but not or the 

lengths o time experienced  above the high  water neap l ine.  

I t requires sal ine water and  can  tolerate l imited  increases 

in  sal inity  above 35ppt when some water evaporates rom 

rock pools,  but not large increases.  I t requires a  mean  

temperature  between 0  and  20  C and  can  survive some 

exposure to  wave action  by  cl inging onto xed  rocks,  but not 

the battering on  very  exposed  shores.  Dog whelks are ound  

on  the lower to  middle  parts o rocky  shores.

ECOLOGICAL NICHES
Every species plays a  unique role in  its community. The role o 

a  species is its ecological  niche  and combines these elements:

  spatial  habitat    where the species l ives

  interactions    how the species afects and  is afected  by  

other species in  the community,  including nutrition.

I two species have a similar ecological  niche, they will  compete 

in the overlapping parts o the niche, or example or breeding 

sites or or ood. Because they do not compete in other ways,  

they will  usually be able to coexist. However, i two species have 

an identical  niche they compete in all  aspects o their lie. One will  

inevitably prove to be the superior competitor and will  eventually  

cause the other species to be lost rom the ecosystem. The 

principle that only one species can occupy a niche in an  

ecosystem is called the competitive exclusion principle.

FUNDAMENTAL AND REALIZED N ICHES
The niche that a  species could  occupy  based  on  its l imits o 

tolerance is oten  larger than  the niche it actual ly  occupies.  

The niche that a  species could  potential ly  occupy  is its 

fundamental  niche.  The  niche that it actual ly  occupies 

is its realized niche.  Diferences between undamental  

and  real ized  niches are due to  competition .  Other species 

prevent a  species rom occupying part o its undamental  

niche by  out-competing or by  excluding it in  some other way.  

An  example is used  in  a  question  at the end  o this option.  

KEYSTONE SPECIES
A keystone species  has a disproportionate efect on the structure 

o an ecological community. Some keystone species are the direct 

or indirect ood source or most other species in the community,  

or example a dominant tree species in a orest. Others are 

predators that have major efects on population sizes by limiting 

the numbers o their prey. The conservation o keystone species 

is essential  or the overall  conservation o an ecosystem. 

TRANSECTS
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This transect diagram shows mean numbers o dog whelk 
per 0.25m2  quadrat at  diferent heights above mean low 
tide level  at Jetty  Beach,  Dale Fort,  Pembrokeshire.

Data  suppl ied  by  Steve Morrel l ,  Dale  Fort  Field  Centre,  
Field  Studies Counci l .

A transect  is  a  method  o sampling at regular positions across 

an  ecosystem, to  investigate  whether the distribution  o a  

plant or animal  species is correlated  with  an  abiotic variable.  

Sampling  usual ly  involves recording numbers o individuals 

in  quadrats positioned  along the transect l ine.  The data  can  be  

displayed  in  various types o chart with  distance across the 

ecosystem as one o the axes.
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Interactions and energy fow

INTERACTIONS BETWEEN  SPECIES
The types o interaction  between  species in  a  community  

can  be classied  according to  their eects:  

Herbivory    primary  consumers eed  on  plants or other 

producers;  this harms producers but reduces competition  

between producers.  

Example:  monarch  buttery  caterpil lars eed  on  milkweed.  

Predation    predators benet as they  eed  on  prey;  

predation  aects numbers and  behaviour o prey.

Example:  coyotes are  predators o white-tailed  deer.

Parasitism    a  parasite  that l ives on  or in  a  host,  obtaining 

ood  rom the host and  harming it.

Example:  Ixodes  ticks use white-tailed  deer as a  host.

Competition    a  species using a  resource reduces the 

amount available  to  other species using it.   

Example:  red  oak and  sugar maple in  mixed  orests.

Mutualism    d ierent species l iving together in  a  close 

relationship,  rom which  they  both  benet.

Example:  zooxanthel lae and  corals  see below.

MUTUALISM  IN  REEF-BUILDING CORALS
Most corals that build  rees contain  mutualistic 

photosynthetic algae cal led  zooxanthellae.  

The coral  provides the alga  with  a  protected  environment and  

holds it in  position  close to  the water surace where there  is 

enough  l ight or photosynthesis to  occur.  The zooxanthel lae 

provide the coral  with  products o photosynthesis such  as 

glucose,  amino acids and  also oxygen.  The coral  a lso eeds 

on  organic particles and  plankton  suspended  in  the sea  

water,  using its stinging tentacles.  The coral s waste  products 

are al l  used  by  the zooxanthel lae:  carbon dioxide,  ammonia  

and  phosphates.  

The relationship between  the  two organisms is symbiotic,  

because they  l ive together,  and  mutualistic,  because they  

both  benet.

Zooxanthel lae make coral  rees one o the most biological ly  

productive ecosystems. They  improve the nutrition  o corals 

enough  or the bui lding o coral  rees by  the deposition  o 

their hard  exoskeletons.

ENERGY CONVERSION  RATES
Gross production  is the total amount o energy in ood assimilated  

by an animal or in ood made by photosynthesis in producers.  

Net production  is the amount o energy  converted  to  biomass 

in  an  organism. I t is always less than gross production  

because some ood  is used  in  cel l  respiration  and  the energy  

released  rom it is lost rom the organism and  the ecosystem. 

The efciency  with  which  a  species uses ood  is assessed  

by  calculating a  eed conversion  ratio  (FCR) :

Conversion  ratio  =   
intake o ood  (g)

  ______  
net production  o biomass (g)

  

The higher the  ratio,  the higher the respiration  rate  o the 

species and  the lower the percentage o ingested  energy  

that is converted  to  biomass.  

Conversion  ratios are sometimes used  to  assess the 

sustainabil ity  o ood  production  practices.  Typical  ratios or 

meat production  are  shown below:

Production  method FCR

Salmon in  sh  arms

Chicken in  broiler houses

Pork reared  in  housing

Bee reared  on  eed  lot

1 .2

1.9

2.7

8.8

Birds and  mammals usual ly  have high  respiration  rates 

because they  maintain  constant body  temperatures so their 

FCRs are relatively  high.

COMPARING PYRAMIDS OF ENERGY
Pyramids o energy can be used to model  energy ow through 

an ecosystem. Topic 4 includes examples or a  stream and or a  

salt marsh. They can be used to compare the two ecosystems:

  how many  trophic levels are  there?

  how much  gross production  by  producers is there?

  how much  energy  reaches each trophic level?

The most productive ecosystems have high gross production  

by producers, so large amounts o energy ow to higher trophic 

levels and there can be relatively large numbers o trophic levels.  

FOOD WEBS AND CHAINS
A ood chain  is  a  single  sequence o 

organisms,  each  o which  consumes the  

previous one in  the chain.  Most species o 

consumer eat a  variety  o other organisms,  

so  are in  many  dierent ood  chains.  Many  

species eat organisms rom more than  one 

trophic level  so  are  themselves in  d ierent 

trophic levels.  A ood web  d iagram is used  

to  show al l  the possible  ood  chains in  a  

community.

The example (right)  is or the Arctic marine 

community.  Polar bears eed  as 3rd,  4th  and  

5th  consumers.  

Arctic birds

Capel in

Phytoplankton

Arctic char

Herbivorous zooplankton

Carnivorous zooplankton

Polar bear

Harbour seal

Harp seal

Ki l ler whale

Ringed  seal Arctic cod
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HUMANS AND NUTRIENT CYCLES
The nitrogen  cycle  is aected  greatly  by  human activity.  

Ferti l izers containing nitrates and  ammonium are produced  

by  the Haber process rom gaseous nitrogen.  Runo rom 

elds results in  raised  nitrogen concentrations in  lakes 

and  rivers.  N itrogen oxides rom vehicle  exhausts dissolve 

in  water in  the atmosphere to  orm nitrates,  which  are  

deposited  in  rainwater.  These extra  inputs to  the nitrogen 

cycle  cause eutrophication  and  algal  blooms.

CLIMAX COMMUNUNITIES AND 

CLIMOGRAPHS
Ecological  succession  usual ly  stops when a  stable  

ecosystem develops with  a  group o organisms cal led  the 

climax community .  

The two main  actors determining the type o stable  

ecosystem that develops in  an  area  are temperature and  

rainal l .  The gure below is a  climograph  that shows the 

relationship between temperature,  rainal l  and  the  type o 

stable  ecosystem that is predicted  to  develop.  
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ECOLOGICAL SUCCESSION  
An ecological  succession  is a  series o changes to  an  

ecosystem,  caused  by  complex interactions between  the  

community  o l iving organisms and  the  abiotic environment.  

Primary succession  starts in  an  area  where l iving organisms 

have not previously  existed,  or example  a  new island,  

created  by  volcanic activity.  

Analysis o examples o primary  succession  reveals some 

characteristic eatures:

  species diversity  increases overal l  with  some species 

dying out but more joining the community  

  plant density  increases as measured  with  the lea area  

index (lea area  per unit o ground  surace area)  

  organic matter  in  the  soil  increases as more dead  leaves,  

roots and  other matter are released  by  plants

  soil  depth  increases as organic matter helps to  bind  

mineral  matter together

  water-holding  capacity  o soil  increases due to  the 

increased  organic matter 

  water movement  speeds up due to  soil  structure changes 

that al low excess water to  drain  through

  soil  erosion  is  reduced  by  the  binding action  o the roots 

o larger plants

  nutrient recycling  increases due to  increased  storage in  

the  soil  and  the  biomass o organisms. 

Example of primary succession: retreating glaciers in Iceland  

leave areas o sand, gravel  and clay. Mosses and lichens 

colonize, then small  non-woody plants (herbs) , larger herbs,  

then shrubs and small  trees, together with many animal  species.  

DISTURBANCE AND CHANGE IN  

ECOSYSTEMS
Communities sometimes change rom those predicted  

by  cl imographs to  other communities as a  result o 

environmental  disturbance.  

Fires,  foods and  storms are examples o natural  

d isturbance,  but humans are  also sometimes responsible,  

as in  the  introduction  o al ien  species,  logging o orests 

and  land  drainage.  Changes to  the  structure o ecosystems 

ol lowing disturbance can  be rapid  and  proound.  

In  some ecosystems periodic disturbance is natural  and  

contributes to  biodiversity,  by  creating a  patchwork o 

communities at d ierent stages o development since the 

last d isturbance.

Nutrient cycles and change in  ecosystems

NUTRIENTS IN  ECOSYSTEMS
Energy  enters ecosystems, fows through  ood  chains and  is then  lost rom the ecosystem. In  contrast,  nutrients can  be retained  

in  an  ecosystem or an  unl imited  time.  An  ecosystem that does not exchange nutrients with  its surroundings is a  closed 

ecosystem .  The carbon cycle  is described  in  Topic 4;  other nutrient cycles ol low similar principles.  

In  terrestrial  ecosystems  there are three main storage 

compartments: biomass  ( l iving organisms) , litter  (dead  

organic matter)  and the soil .  Nutrients fow between these 

compartments and  in  an  open ecosystem  they also fow to  

or rom the compartments and the surroundings. A Gersmehl  

diagram is a  model  o nutrient storage and  fow or terrestrial  

ecosystems. The amount o nutrients in  each compartment 

is indicated by  the size o the circle and the fow rates are 

indicated by  the size o the arrows. Gersmehl  diagrams or 

taiga (boreal  orest) ,  desert and  tropical  rainorest (right)  show 

considerable dierences in  the storage and  fow o nutrients.  
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Impacts o humans on  ecosystems

INTRODUCTION  OF ALIEN  SPECIES
An endemic species  natural ly  occurs in  an  area.  An  alien 

species  is  a  type o organism that humans have introduced  

to  an  area  where it does not natural ly  occur.  Al ien  species 

that are released  either accidental ly  or del iberately  into  local  

ecosystems oten  become invasive because predators rom 

their natural  community  that would  control  their numbers 

have not also been introduced.  Unless an  al ien  species is 

adapted  to  an  ecological  niche not exploited  in  a  community,  

it wil l  compete with  endemic species or resources and  may  

cause them to  become extinct by  competitive exclusion.  Two 

examples are given  here.  

Starlings  have been introduced  to  North  America  and  many  

other parts o the world  and  there are now hundreds o 

mil l ions o these birds.  They  compete with  endemic species 

or nest holes and  ood.  They  damage crops on  arms and  

spread  weed  seeds in  their eces.  Trapping,  netting and  

shooting have successul ly  reduced  the population  in  

Western  Austral ia  to  a  very  low level ,  but destruction  o nests 

and  eggs and  poisoning o mil l ions o birds in  the US have 

not reduced  numbers signicantly.

Cane toads  are endemic in parts o Central  and South America.  

They were introduced to Australia in the 1930s. Cane toads have 

toxins in their skin and also release toxins rom glands when 

disturbed. Potential  predators in  Australia are killed by these 

toxins. A emale can produce 30,000 eggs and adults naturally  

migrate to new areas so numbers o cane toads have risen  

exponentially. They are generalist predators so many endemic 

species, o both prey and predators, are threatened by them.

BIOLOGICAL CONTROL AND ALIEN  
SPECIES
Biological  control  is  the use o a  predator,  parasite  or 

pathogen to  reduce or el iminate a  pest.  In  some cases 

biological  control  methods have been introduced  with  great 

success,  especial ly  or pests o crops grown in  greenhouses.  

There are also examples o biological  control  that were 

unsuccessul  or harmul .

Cane toads were introduced  to  Queensland  in  Austral ia  

to  control  beetles that had  become pests o sugar cane 

crops.  The toads were unable to  cl imb up into  sugar cane 

plants to  eed  on  the beetles and  instead  attacked  native 

species o insect.  They  have become a  ar larger problem 

than  the beetles.  This type o example emphasizes the 

need  or careul  research  into  the  eectiveness o proposed  

biological  control  methods and  potential  risks,  beore  they  

are used.  

DDT POLLUTION  AND MALARIA
Several  species o mosquito  transmit the disease malaria.  

When  the insecticide DDT was sprayed  onto water where 

the larvae o these mosquitoes were l iving,  malaria  

became less common. As DDT ki l led  other insects and,  by  

biomagnication,  had  devastating eects on  top carnivores 

such as ospreys,  its use was mostly  banned.  This led  to  rises 

in  malaria  in  some areas so was controversial .  

PLASTIC POLLUTION  IN  OCEANS
Plastics dumped at sea or washed out rom land are resistant 

to decomposition. Large pieces o plastic called  macroplastic 

debris  eventually  degrade into many small  ragments o 

microplastic debris.  Huge amount o plastic have accumulated  

in  marine environments, especially  in  ve areas called  gyres.  

Examples of harm to marine organisms: 

The Laysan albatross  is a  large marine bird  that nests on  the  

island  o Midway  Atol l  in  the Pacic Ocean. The North  Pacic 

Gyre transports large volumes o macroplastic debris onto its 

beaches.  Parent albatrosses conuse this with  ood  and  give 

it to  their chicks resulting in  gut blockages and  high mortal ity.

The lugworm  l ives on  muddy  sea  shores in  Europe and  

North  America,  ingesting mud  and  digesting organic matter 

in  it.  Microplastic debris is ingested  i it is  contaminating the 

mud.  The microplastic debris may  contain  toxic additives 

and  tends to  accumulate hydrophobic toxins rom sea  water,  

such  as tributyl  tin.  The lugworms absorb and  are harmed  

by  some toxins,  and  organisms that eed  on  lugworms are at 

even greater risk,  because o biomagnication.  

BIOMAGNIFICATION
Some pol lutants are absorbed  into  l iving organisms and  

accumulate because they  are  not efciently  excreted.  

When  a  predator consumes prey  containing the pol lutant,  

the level  in  the  body  o the predator rises and  can  reach  

levels much higher than  those in  the bodies o its prey.  

Concentration  o pol lutants in  the tissues o organisms is 

cal led  biomagnifcation  and  happens at each  stage in  ood  

chains,  with  higher trophic levels reaching toxic doses.  

To  research  the  causes and  consequences o an  example 

o biomagnication,  the level  o toxin  is measured  in  each  

organism in  the ood  chain  and  also in  the environment.  

Concentration  actors can  then  be calculated,  which  are 

ratios between the level  o toxin  in  two organisms or 

between  one organism and  the environment.  Tissue rom top 

carnivores (at the end  o ood  chains)  that are ound  dead  

is tested  to  see i it contains a  toxic dose.  The source o the 

pol lutant in  the environment is located.  

Example:  The radioactive isotope caesium-137 was 

released  by  the Fukushima nuclear disaster.  Levels o it 

were measured  in  organisms rom marine ood  chains near 

Fukushima.  They  rose more quickly  in  organisms at the start 

o ood  chains but reached  much  higher levels in  organisms 

at the  end  o ood  chains.  Kil ler whales (orca)  reached  

caesium-137 levels that were 1000 times higher than  

Chinook salmon (their main  prey)  and  13,000 times higher 

than  phytoplankton  at the start o the ood  chain.  
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FACTORS AFFECTING BIODIVERSITY
Biological  diversity, or biodiversity, has two components.  

Richness  is the number o dierent species present.  

Evenness  is how close in  numbers the dierent species are.  

Sites with  moderate populations are considered to be more 

biodiverse than i there are large numbers o some dominant 

species and much smaller numbers o others.  

The number o species that live in an area is greatly aected by  

biogeographic actors. For example, there is a positive correlation  

between island size  and the number o species on islands. Large 

unbroken areas o orest usually contain more species than a  

similar total  area o ragmented orest. This is because o edge 

efects. Some species avoid the parts o orests close to an edge,  

so these species are absent rom ragmented orest.

SIMPSONS RECIPROCAL INDEX OF 

DIVERSITY
It is sometimes useul  to  have an  overal l  measure o 

biodiversity  in  an  ecosystem. Simpsons reciprocal  index is 

suitable.  Instructions or calculating it ol low.

1.  Use a  random sampling technique to  search  or 

organisms in  the ecosystem.

2.  Identiy  each  o the  organisms ound.

3.  Count the total  number o individuals o each  species.

4.  Calculate the index (D) .

D  =    
N(N  -  1 )
 

___
 

n(n  -  1 )
  

N  =  total  number o organisms

n  =  number o individuals per species

Example:  Organisms were ound  and  identied  in  the River 

Enningdalselva  in  a  part o Sweden where some rivers have 

been aected  by  acid  rain.  Six sites in  the river were chosen 

randomly and  at each  site  organisms were col lected  by  kick 

sampling along a  10  m transect.  The results are shown below.

Group  Species  Name  

Ephemerida Dixa species Mayfy  larva  8

Odonata Tipula species Dragonfy  larva  5

Trichoptera Species unidentied  Caddisfy  larva  4

Plecoptera Nemoura variegata  Stonefy  larva  4

Hemiptera Gerris species Pond  skater 3

Isopoda Asellus aquaticus  Water louse 2

Acari Arrhenurus species Water mite 1

Platyhelminthes Dendocoelum lacteum  Flatworm 4

Platyhelminthes Dugesia species Flatworm 3

Hirudinea  Species unidentied  Leech 1

Oligochaeta Lumbriculides  Annel id  worm 2

Gastropoda Lymnaea species Snail  4

Bivalvia  Margaritifera  Pearl  mussel  1

D  =     
42(42 -  1 )

 
___

 
140

    =  12.3

The high  diversity  index suggests that the river has not been 

damaged  by  acid  rain,  or any  other disturbance.  This ts in  

with  observations o a  thriving salmon population  in  the  river.  

I  Simpsons reciprocal  index is calculated  or two local  

communities using the same methods,  an  objective  

comparison  o biodiversity  can  be made.  

IN  SITU  AND EX SITU  CONSERVATION
Conservation  o species happens at a  local ,  national  and  

international  level  and  oten  involves the cooperation  o 

inter-governmental  and  non-governmental  organizations.  

The ideal  place to  conserve a  species is in  its own habitat.  

This is cal led  in  situ  conservation.  Many  national  parks  

and  nature reserves  have been establ ished  or this 

purpose.  I t may  not be enough  to  designate an  area  or 

nature conservation.  There is sometimes a  need  or active 

management,  such  as control  o al ien  species.  

Despite  the  advantages o in  situ  conservation,  it does 

not always ensure the survival  o species.  Loss o natural  

habitat or catastrophic population  decl ines sometimes 

orce conservationists to  transer threatened  populations 

rom their natural  habitats to  zoos,  botanic gardens or wild  

reuges.  This is ex situ  conservation.  

Example:  The Mauritius kestrel  dropped  to  a  population  o 

our individuals due to  loss o habitat,  invasive al ien  species 

and  DDT pol lution.  A captive breeding centre was establ ished  

on  a  smal l  island  o the main  island  o Mauritius.  Eggs were 

removed  rom the birds nests,  hatched  in  incubators,  reared,  

then  trained  to  catch  prey  and  nal ly  reintroduced.  The 

population  started  to  recover and  is now close to  the carrying 

capacity  o Mauritius  about 1000.  

INDICATOR SPECIES
Problems in  natural  ecosystems are  detected  quickly  

i environmental  conditions are  monitored.  They  can  

be  measured  d irectly  or ind icator species can  be  used.  

An  indicator species needs particular environmental  

conditions  and  thereore  shows what the  conditions in  an  

ecosystem are.  

Example:  l ichen species vary  in  their tolerance o sulphur 

dioxide so can  be used  to  assess the  concentration  o this 

pol lutant in  an  area.  

To  obtain  an  overal l  environmental  assessment o an  

ecosystem, a  biotic index may  be used.  The number o 

individuals o each  indicator species is multipl ied  by  its 

pol lution  tolerance rating.  These values are added  together 

and  then  divided  by  the  total  number o organisms,  to  obtain  

the biotic index.  

Examples of pollution  tolerance ratings:  stonefy  nymphs 

need  unpol luted,  wel l -oxygenated  water so  have a  rating 

o 10,  whereas rat-tailed  maggots and  tubiex worms thrive 

even in  low oxygen levels with  much  suspended  organic 

matter so  their rating is 0.  Al l  reshwater invertebrates 

have a  rating between 1  and  10.  The higher the biotic index 

calculated  with  these ratings,  the less pol luted  the water.

Rat-ta i led

maggot  larva Tubifex

Stoney

nymph

Biodiversity  and conservation
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ESTIMATING POPULATION  SIZES
Populations are usually too large or every individual  to be  

counted, so an estimate is made based on random sampling 

techniques. A random number generator helps ensure that 

sampling is ree rom bias. Quadrat sampling is described in  

Topic 4. It is not suitable or species o animal that move, so the 

capturemarkreleaserecapture  method is used.  

1 .  Capture as many  individuals as possible  in  the area  

occupied  by  the population.

2.  Mark each  individual ,  without making them more visible  

to  predators.

3.  Release al l  the  marked  individuals and  al low them to  

settle  back into  their habitat.

4.  Recapture as many  individuals as possible  and  count 

how many  are marked  and  unmarked.

5.  Calculate the estimated  population  size

Estimated  population  size (Lincoln  index)  =    
n

1
   n

2
 
__

 
n

3

  

n
1
 =  number caught and marked initially

n
2
 =  total  number caught on the second occasion

n
3
 =  number o marked individuals recaptured

Example: 248 snails were caught in a pond and marked. 168 

were recaptured, with 42 marked.  

Estimated  population  size =   
248   168

 
___

 
42

    =  992  snails

FISH  POPULATIONS AND FISHERIES
The usual  method  o estimating sh  stocks involves 

col lecting data  on  catches.  The numbers o each  age are 

counted,  a l lowing survivorship curves and  spawning rates 

to  be deduced,  rom which  the total  population  is estimated.  

The problem with  this approach is uncertainty  about the 

proportion  o the total  population  that was caught.

Capturemarkreleaserecapture methods are inaccurate 

because the proportion  o marked  sh  that can  ever be 

recaptured  is too smal l .  Echo sounders can  be  used  to  

measure the  size o shoals o sh,  but they  must not be 

swimming too deeply  and  trawls must be used  or cal ibration  

and  to  check which  species o sh  has been detected  by  the 

echolocation.

None o these methods estimate stocks with  condence.

Wild  sh  populations are  an  important ood  source or 

humans and  with  sustainable fshing practices  they  are  a  

renewable resource.  The maximum sustainable yield  is the 

largest amount that can  be harvested  without a  decl ine in  

stocks.  I t is essential  to  know the age profle,  reproductive 

status  and  size o the population .  I  the population  drops 

too low or eective breeding,  there must be a  ban  on  shing.  

Su icient larger  ish  that are mature enough  to  reproduce 

must be  let or the population  to  replenish  itsel as least as 

ast as sh  are caught.  

Populations (HL only)

POPULATION  GROWTH  
Population  sizes change due to  

our actors:

natality    ospring produced  and  

added  to  the population.  

mortality    individuals d ie  and  

are lost rom the population.  

immigration    individuals move 

into  the area  rom elsewhere.  

emigration    individuals move 

rom the area  to  l ive elsewhere.  

Populations are oten  aected  by  

al l  our o these things and  the 

overal l  change can  be calculated  

using an  equation:

Population change =  (natality +  

immigration)  -  

(mortality  +  emigration)

The graph (right)  is a sigmoid  

(S-shaped)  population growth curve.  

This growth curve can be modelled  

using organisms such as yeast  

grown in a nutrient solution in a  

ermenter, or Lemna  (duckweed) ,  

a small  foating plant that can be 

grown on water in beakers. Cel l  

counts o samples o the yeast 

culture are done each day.  

Numbers o Lemna  can  easily  be 

counted  on  the water.

time
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3.  Plateau  phase

Something has l imited  the  population

such  as

   shortage of food  or other resources

   more  predators

   more  d isease or parasites.

Al l  of these factors l imit  population

increase because they  become more

intense as the population  rises and

becomes more crowded.  They  either

reduce the  nata l ity  rate  or increase

the mortal ity  rate.  Emigration  is  now

more l ikely  than  immigration.  I f the

population  is  l imited  by  a  shortage of

resources,  i t  has reached  the carrying

capacity  of the  environment.  

2.  Transitional  phase

Population  growth  slows as the  carrying capacity

of the  environment  is  reached  the maximum

population  size  that  can  be supported  by  the

environment.  The nata l ity  rate  starts  to  fa l l  and/or

the mortal ity  rate  starts to  rise.  Natal ity  is  sti l l

higher than  morta l ity ,  but  by  a  decreasing amount.

1.  Exponential  phase

I f a  population  is  establ ished  in  

an  ideal  unl imited  environment,  

i t  fol lows an  exponential  growth  

pattern,  with  the population  

increasing more and  more 

rapidly .  This  is  because the  

natal ity  rate is  h igher than  the  

mortal ity  rate.  The resources 

needed  by  the  population  such  

as food  are abundant,  and  

d iseases and  predators are  rare.  

With  abundant  resources,  

immigration  to  the  area  is  more  

l ikely  than  emigration.
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MICROBES AND THE N ITROGEN  CYCLE
Many microbes have roles in the nitrogen cycle, shown below.

1.  Nitrogen fxation  is  conversion  o atmospheric nitrogen 

into  ammonia,  using energy  rom ATP.  Two nitrogen-

xing bacteria  are Azotobacter,  l iving ree in  soils,  and  

Rhizobium ,  l iving mutual istical ly  in  roots.  

2.  Nitrifcation  is conversion o ammonia to nitrate. I t 

involves two types o soil  bacteria. Nitrosomonas  convert 

ammonia to nitrite and Nitrobacter convert nitrite to nitrate.  

3 .  Denitrifcation  is  conversion  o nitrate into  nitrogen  by  

denitriying bacteria.  This process only  occurs in  the 

absence o oxygen  in  the soil .  

WATERLOGGING AND N ITROGEN  CYCLE
Supplies o oxygen in  waterlogged  soils are rapidly  used  

up.  This prevents the  production  o nitrate by  nitriying 

bacteria  and  causes nitrate to  be  converted  to  nitrogen gas 

by  denitriying bacteria.  Waterlogged  soils are thereore 

decient in  nitrate.  Plants show deciency  symptoms such 

as yel low leaves.  Insectivorous plants overcome the low 

nitrogen  availabil ity  in  waterlogged  soils by  trapping insects 

and  absorbing the ammonia  released  by  d igesting them.

SOIL NUTRIENT TESTS
Garden supply  companies sel l  soil  nutrient test kits that 

can  be used  or measuring concentrations o N ,  P and  K in  

samples o soil .  The samples are rst dried  and  then  ground  

to  orm a  powder.  To  test or each  nutrient,  a  measured  

volume o l iquid  reagent is added  to  a  measured  quantity  

o dry  powdered  soi l .  The colour that develops is either 

compared  with  a  chart to  deduce the concentration  o 

nutrient or is assessed  quantitatively  with  a  colorimeter.

THE N ITROGEN  CYCLE
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-
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THE PHOSPHORUS CYCLE
Plants absorb phosphate rom the soi l  or production  by  

photosynthesis o compounds with  phosphate  groups.  

Phosphate is released  back into  the soil  when decomposers 

break down organic matter.  The rate o turnover in  the  

phosphorus cycle  is much lower than  in  the nitrogen cycle.  

Phosphorus is added  to  the phosphorus cycle  by  appl ication  

o erti l izer or removed  by  harvesting o agricultural  crops.  

Phosphate erti l izer is obtained  rom rock deposits.  These 

deposits are quite  scarce and  there are concerns that 

phosphate availabi l ity  may  l imit agricultural  crop production  

in  the uture.  

EUTROPHICATION  AND ALGAL BLOOMS
Leaching o mineral  ions rom agricultural  land  can  have 

harmul  efects on  aquatic habitats.  Water with  high  

concentrations o nitrate  and  phosphate ions is eutrophic.  

Eutrophication  causes algae to  multiply  excessively,  

resulting in  an  algal  bloom .  Some o the algae are deprived  

o l ight and  die.  Bacteria  decompose the dead  algae,  using 

oxygen  taken rom the water.  There is thereore an  increased  

biochemical  oxygen demand (BOD) .  I  oxygen levels drop 

very  low sh  and  other aquatic animals die.

In  natural  ecosystems algal  blooms are unusual  due to  two 

types o l imiting actor,  which  are named  according to  their 

position  in  the  ood  chain  in  relation  to  algae.  I  shortage 

o nutrients in  the water l imits the growth  o algae,  this is 

bottom-up  control .  I  eeding on  algae by  large populations 

o herbivorous animals in  the water l imits populations o 

algae this is top-down  control .  When  a  population  is l imited  

by  the carrying capacity  it is  bottom-up control ,  whereas 

control  by  means o predators or parasites is top-down.  

Nitrogen and phosphorus cycles (HL only)  
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Questions  ecology and conservation

1.  Typha latifolia  and  Typha angustifolia  are  plants that grow 

on  the margins o ponds and  lakes.
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a)  The upper graph  shows the  natural  d istribution  o  

T.  latifolia  and  T.  angustifolia  in  a  lake.  Compare and  

contrast the two distributions.  [3]

b)  The lower graph shows the results o an  experiment 

in  which  the species were planted  separately  in  tubs,  

and  placed  at d ierent depths in  water to  assess their 

growth.  Deduce the  depths that are within  the  l imits o 

tolerance and  zones o stress o each  species.  [3]

c)  Explain  the d ierences between the undamental  and  

real ized  niches o T.  angustifolia.  [4]

d)  State one sampling technique that can  be used  to  

investigate the distribution  o plants at increasing 

depths o water rom the shore o a  lake.  [1]

2.  The graph shows the concentrations o methyl  mercury  in  

eathers taken rom museum specimens o the  black-ooted  

albatross (Phoebastria nigripes) .
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a)  Explain  how the methyl  mercury  concentrations  

ound  in  the albatross eathers can  be ar higher than  

those in  seawater.  [4]

b)  ( i)  Outl ine the trend  shown in  the graph.  [2]  

( i i )  Suggest reasons or the trend.  [2]

c)  Outl ine one other threat to  albatross populations due  

to  pol lution  o the oceans.  [2]

3.  The biotic index used  by  Water Action  Volunteers (WAV)  in  

Wisconsin  involves assigning aquatic macroinvertebrates to  

one o our pol lution  tolerance groups: sensitive  (scoring 4) ,  

semi-sensitive  (3) ,  semi-tolerant (2)  and  tolerant (1) .  The 

WAV index is the mean score or a  sample rom a  stream, river 

or other aquatic habitat:  3 .6 to  4.0  indicates excel lent water 

quality,  2.6 to  3 .5  good, 2.1  to  2.5  air and  1 .0  to  2.0  poor.  

a)  ( i)  Outl ine  eatures o aquatic macroinvertebrates.  [3]

(i i)  Explain  advantages o using them or assessing  

river pollution rather than chemical  tests.  [3]

b)  ( i)   Calculate the WAV biotic index or a  sample  

that contained  12  stonefy  larvae (sensitive)   

8  a lderfy  larvae (sensitive) ,  8  mayfy  larvae  

and  4 amphipods (both  semi-tolerant) .  [4]

(i i)  Explain  what can  be concluded.  [2]

4.  (HL)  The graph below shows the growth  o a  population  o 

ring-necked pheasants (Phasianus colchicus)  on Protection  

Island o the north-west coast o the United States. The original  

population released by the scientists consisted o 2 male and 8  

emale birds. Two emales died immediately ater release.
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a)  State the term used  to  describe the shape o a   

growth  curve o this type.  [1]

b)  ( i)   Distinguish  between  the phases o the growth  

curve beore  and  ater 4.5  years.  [3]

(i i)  Explain  the d ierence between these two phases 

in  terms o the processes that can  increase or 

decrease the size o a  population.  [4]

c)  ( i)   The scientists predicted  that the population  would   

reach  its carrying capacity  o 2000 by  year 8.  Draw  

a  l ine on  the graph  to  show the population  growth   

between  years 6  and  10.  [2]

 ( i i)  Suggest actors that could  cause the plateau.  (3)

d)  ( i)   Predict the results i a l l  emale birds in  the original  

sample had  survived.  [1]

(i i)  Predict the eect on the carrying capacity  i al l  the  

emale birds in  the original  sample had survived. [1]

5.  (HL)  (a)  Explain  the  reasons or low concentrations o 

nitrate in  the soils o wetlands.  [3]

b)  Describe the method  used  by  Dionaea muscipula   

(Venus fy  trap)  to  obtain  nitrogen.  [3]

c)  Dionaea muscipula  thrives in  the years ater re in   

i ts habitats in  subtropical  wetlands but then  is  

shaded  out by  tal ler growing plants.  Discuss the 

importance o re  in  this habitat.  [4]
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Human nutrition  

NUTRITION  AND MALNUTRITION
Nutrients are  chemical  substances in  oods that are used  in  

the human body.  Nutrition  is  the supply  o nutrients.

In  humans there are essential  nutrients  that cannot be 

synthesized  by  the body  so must be in  the  diet.  They  are 

divided  into  chemical  groups:

  minerals    specic elements such as calcium and  iron

  vitamins    chemical ly  diverse carbon compounds needed  

in  smal l  amounts that cannot by  synthesized  by  the body,  

such  as ascorbic acid  and  calcierol

  some o the twenty  amino acids  are  essential  because 

they  cannot be synthesized  in  humans and  without them 

the production  o proteins at ribosomes cannot continue

  specic fatty  acids  are  essential  or the  same reason,  or 

example omega-3  atty  acids.  

Carbohydrates are almost always present in  human diets,  but 

specic carbohydrates are  not essential .

Malnutrition  is  a  deciency,  imbalance or excess o specic 

nutrients in  the diet.  There are many  orms o malnutrition  

depending on  which  nutrient is present in  excessive or 

insucient amounts.  

USE OF NUTRITION  DATABASES
Databases are available  on  the internet with  typical  

nutritional  contents o oods.  They  can  be used  to  estimate 

the overal l  content o a  days diet.  The mass o each  ood  

eaten  during the  day  is required.  The nutritional  analysis can  

be done very  easily  using ree sotware also avai lable  on  the 

internet such as at this site:  http://www.myoodrecord.com. 

The example below shows some o the nutrients in  50  g o 

salted  cashew nuts,  the recommended  daily  amount (RDA)  

o the  nutrient or a  1418 year-old  boy  and  the percentage 

o this that the  cashew nuts contain:

Nutrient Total RDA RDA%

Protein  (g) 293.5 3000 9.8%

Saturated  at (g) 4.88 33.3 14.6%

Cholesterol  (mg) 0 300 0%

Iron  (mg) 2.5 12 20.8%

Vitamin B
1
 thiamine (mg) 0.16 1.2 13.3%

By  carrying out this sort o analysis on  a  whole days diet 

it is  possible  to  determine whether sucient quantities o 

essential  nutrients have been eaten.

ENERGY IN  THE DIET
Carbohydrates,  l ipids and  amino acids can  al l  be  used  in  

aerobic cel l  respiration  as a  source o energy.  I  the energy  

in  the d iet is insucient,  reserves o glycogen and  ats are 

mobil ized  and  used.  

Starvation  is  a  prolonged  shortage o ood.  Once glycogen  

and  at reserves are  used  up,  body  tissues have to  be broken 

down and  used  in  respiration.  

Anorexia  is a  condition in  which an  individual  does not eat 

enough ood  to sustain  the body even though it is available.  

As with  starvation,  body  tissues are broken down. In  advanced  

cases o anorexia  even heart muscle is broken down.  

Obesity  is  excessive storage o at in  adipose tissue,  due to  

prolonged  intake o more energy  in  the d iet than  is used  in  

cel l  respiration.  Obese or overweight individuals are more 

l ike to  sufer rom health  issues,  especial ly  hypertension  

(excessively  high  blood  pressure)  and  Type II  diabetes.  

Most people  do not become obese,  because leptin  produced  

by  adipose tissue causes a  reduction  in  appetite.  A centre 

in  the hypothalamus  is  responsible  or eel ings o appetite  

(wanting to  eat ood)  or satiety .  

CHOLESTEROL AND HEART DISEASE
Research  has shown a  correlation  between high levels o 

cholesterol  in  blood  plasma and  an  increased  risk o coronary  

heart disease (CHD) ,  but it is not certain  that lowering 

cholesterol  intake reduces the risk o CHD, or these reasons:

  Much research  has involved  total  blood  cholesterol  levels,  

but only  cholesterol  in  LDL ( low-density  l ipoprotein)  is 

impl icated  in  CHD.  

  Reducing dietary  cholesterol  oten  has a  very  smal l  efect 

on  blood  cholesterol  levels and  thereore presumably  has 

l ittle  efect on  CHD rates.  

  The l iver can  synthesize cholesterol ,  so  dietary  

cholesterol  is  not the only  source.  

  Genetic actors are more important than  dietary  intake 

and  members o some amil ies have high  cholesterol  

levels even with  a  low dietary  intake.  

  There is a  positive correlation  between  dietary  intake o 

saturated  ats and  intake o cholesterol ,  so  it is possible  

that saturated  ats,  not cholesterol ,  cause the increased  

risk o CHD in  people  with  high  cholesterol  intakes.

MEASURING ENERGY CONTENT
A simple method  or measuring the energy  content o a  ood  

is by  combustion.  To  heat one ml  o water by  one degree 

Celsius,  4.2  Joules o energy  are needed  so:  

energy  content 

o a  ood  (J  g- 1 )
  
temp rise (C)    water volume (ml)    4.2J

   __________  
mass o ood (g)

  =

More accurate estimates o energy  content can  be obtained  

by  burning the ood  in  a  ood  calorimeter which  traps heat 

rom the combustion  more eciently.  

thermometer

test  tube

measured

volume of water

burning cashew nut

mounted  needle
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Defciency diseases and diseases o the gut 

VITAMIN  D  DEFICIENCY IN  HUMANS
I there is insucient vitamin  D  in  the  body,  calcium is not 

absorbed  rom ood  in  the  gut in  large enough  quantities.  The 

symptoms o vitamin  D  deciency  are thereore the same as 

those o calcium deciency  including osteomalacia .  

Osteomalacia is inadequate bone mineralization due to calcium 

salts not being deposited or being reabsorbed, so bones 

become sotened. Osteomalacia in  children is called rickets.  

Vitamin  D  is contained  in  oi ly  sh,  eggs,  milk,  butter,  cheese 

and  l iver.  Unusual ly  or a  vitamin,  it can  be synthesized  in  

the skin,  but only  in  u ltraviolet l ight (UV) .  The intensity  o 

UV is too low in  winter in  high  latitudes or much  vitamin  D  

to  be synthesized,  but the  l iver can  store enough during the 

summer to  avoid  a  deciency  in  winter.

VITAMIN  C DEFICIENCY IN  MAMMALS
Ascorbic acid  is needed  or the synthesis o col lagen  bres 

in  many  body  tissues including skin  and  blood  vessel  wal ls.  

Humans cannot synthesize ascorbic acid  in  their cel ls so  

this substance is a  vitamin  in  the human diet (vitamin  C) .

Scurvy  is the deciency  disease caused  by  a  lack o i t.  

Attempts to  induce the  symptoms o scurvy  in  rats were 

unsuccessul  because these and  most other mammals have 

the enzymes needed  or synthesis o ascorbic acid.  

A theory  that scurvy  was specic to  humans was alsied  

when  scurvy  was induced  in  guinea  pigs by  eeding them 

a  diet lacking ascorbic acid.  Apes and  chimpanzees also 

require vitamin  C in  the diet.  

CHOLERA
Cholera  is a  d isease caused  by  inection  o the gut with  the 

bacterium Vibrio cholerae.  The bacterium releases a  toxin  

that binds to  a  receptor on  intestinal  cel ls.  The  toxin  is then  

brought into  the cel l  by  endocytosis.  Once inside the cel l ,  

the toxin  triggers the release o Cl-  and  HCO
3

-  ions rom the 

cel l  into  the  intestine.  Water ol lows by  osmosis leading to  

watery  diarrhoea.  Water is drawn rom the blood  into  the  

cel ls to  replace the fuid  loss rom the intestinal  cel ls.  Quite  

quickly  severe dehydration  can  result in  death i the patient 

does not receive rehydration.

EXCESSIVE STOMACH  ACID  SECRETION
The secretion  o acid  into  the  stomach is carried  out by  

a  proton pump  cal led  H+ /K+ -ATPase,  in  parietal  cel ls in  

the stomach  epithel ium.  These pumps exchange protons 

rom the cytoplasm or potassium ions rom the stomach  

contents.  They  can  generate an  H+  gradient o 3  mil l ion  

to  one making the  stomach contents very  acidic and  

potential ly  corrosive.  A natural  mucus barrier protects the  

stomach  l ining.  In  some people the mucus barrier breaks 

down, so  the stomach  l ining is damaged  and  bleeds.  This 

is known as an  ulcer  (see below) .  There can  also  be a  

problem with  the circular muscle at the top o the stomach 

that normally  prevents acid  refux,  which  is the entry  o acid  

stomach  contents to  the esophagus,  causing the pain  known 

as heartburn.  These diseases are oten  treated  with  a  group 

o drugs cal led  proton-pump  inhibitors  or PPIs,  which  bind  

irreversibly  to  H+ /K+ -ATPase,  preventing proton  pumping and  

making the stomach  contents less acidic.  

STOMACH  ULCERS
Stomach ulcers are open sores, caused by partial  digestion o 

the stomach l ining by the enzyme pepsin and hydrochloric acid  

in  gastric juice. Until  recently, emotional  stress and excessive 

acid  secretion were regarded as the major contributory actors,  

but about 80 per cent o ulcers are now considered to be due to  

inection with the bacterium Helicobacter pylori (below) .  

This theory  was put orward  in  the early  1980s by  Barry  

Marshall  and  Robin  Warren. They cured  ulcers using 

antibiotics that kil led  H.  pylori,  but it took some time or this 

treatment to  become widely  available.  As so oten in  science,  

there was inertia  due to existing belies. Doctors and  drug 

companies had  convinced  themselves that they already  knew 

the cause o ulcers and Marshall  and Warrens inectious-

agent theory  did  not immediately  displace this mindset.  

PHENYLKETONURIA
Phenylalanine is an  essential  amino acid,  but tyrosine 

is non-essential  because it can  be synthesized  rom 

phenylalanine.

phenylalanine 
phenylalanine hydroxylase

 tyrosine

In  the disease phenylketonuria  (PKU)  the level  o 

phenylalanine in  the  blood  becomes too high.  The cause 

is an  insuciency  or complete lack o phenylalanine 

hydroxylase,  due to  a  mutation  o the gene coding or the 

enzyme. PKU  is thereore a  genetic disease;  the al lele  

causing it is recessive.

The treatment or PKU  is a  d iet with  low levels o 

phenylalanine,  so  oods such  as meat,  sh,  nuts,  cheese 

and  beans can  only  be eaten  in  smal l  quantities.  Tyrosine 

supplements may  be needed  i amounts in  the  diet are  

insucient.

In  a  etus the mothers body  ensures appropriate 

concentrations o phenylalanine,  so  symptoms o PKU  

do not develop,  but rom birth  onwards the level  o 

phenylalanine can  rise so high  that there are signicant 

health  problems. Growth  o the head  and  brain  is reduced,  

causing mental  retardation.  Phenylalanine levels are  

now routinely  tested  soon  ater birth,  a l lowing very  early  

diagnosis o PKU  and  immediate treatment by  means o d iet 

that prevents most i not al l  harmul  consequences.  
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Digestion and absorption

SECRETION  OF DIGESTIVE JUICES
There are two types o gland:  exocrine  and  endocrine.  

Exocrine glands secrete through  a  duct onto to  the surace o 

the body  or into  the lumen o the gut.  The glands that secrete  

digestive juice are exocrine.  Endocrine glands are ductless 

and  secrete hormones directly  into  the blood.  

EARLY RESEARCHES INTO GASTRIC JUICE
In  1822,  Alexis St.  Martin  survived  a  gunshot injury,  but 

the wound  healed  in  such  a  way  that there was access to  

his stomach rom outside.  Wil l iam Beaumont,  a  surgeon  

who treated  the wound,  d id  experiments over an  11-year 

period.  He tied  ood  to  a  string and  ol lowed  its d igestion  

in  the stomach.  He digested  samples o ood  in  gastric 

ju ice  extracted  rom the stomach.  Beaumont showed  that 

d igestion  in  the stomach is a  chemical  as wel l  as physical  

process.  H is research  is an  example o serendipity ,  as it only  

took place because o a  ortuitous accident.  

VILLUS EPITHELIUM  CELLS
The structure o intestinal  vi l l i  was described  in  Topic 6.  

Two recognizable eatures o epithel ium cel ls on  the vi l lus 

surace adapt them to  their role  and  are visible  in  the 

electron  micrograph below:

Microvill i    protrusions o the apical  plasma membrane 

(about 1m by  0.1m)  that increase the surace area  o 

plasma membrane exposed  to  the digested  oods in  the 

i leum and  thereore ood  absorption.

Mitochondria    there are many  scattered  through the 

cytoplasm,  which  produce the  ATP needed  or absorption  o 

d igested  oods by  active transport.  

mitochondria

microvi l l i

EXOCRINE GLAND CELLS
The exocrine gland cells that secrete digestive enzymes can be  

identifed by the large amounts o rough endoplasmic reticulum, 

Golgi apparatus and secretory vesicles. The electron micrograph 

below shows several  chie cells and one parietal  cell.

secretory  

vesicles

rough ER

FIBRE AND FECES
Some materials,  known as dietary bre,  are not digested or absorbed  and thereore pass on through the small  and  large intestine 

and  are egested. Cel lulose, l ignin,  pectin  and  chitin  are not readily  digested in  the human gut.  

The average time that ood  remains in  the gut is mean residence time.  There is a  positive correlation between mean residence time 

and  the fbre content o the ood that has been consumed. I the diet contains only  low-fbre oods, the rate o transit o ood  through 

the gut becomes too slow (constipation) ,  increasing the risk o bowel  cancer,  haemorrhoids and appendicitis.  

ACTIVITY OF GASTRIC JUICE
Gastric juice is secreted  by  cel ls in  the epithel ium that l ines 

the stomach.  Hydrogen  ions are secreted  by  the parietal  

cells.  This makes the contents o the stomach  acidic  

(pH  13) ,  which  helps to  control  pathogens  in  ingested  ood  

that could  cause ood  poisoning.  Acid  conditions also avour 

some hydrolysis reactions,  or example hydrolysis by  

pepsin  o peptide bonds in  polypeptides.  Pepsin  is secreted  

by  chie cells  in  the inactive orm o pepsinogen;  stomach  

acid  converts it to  pepsin.  

CONTROL OF GASTRIC JUICE SECRETION
Secretion o digestive juices is control led  using both nerves  

and  hormones.  Control  o the volume and  content o gastric 

juice is described  here as an  example.  The sight or smell  o 

ood  stimulates the brain  to  send  nerve impulses to parietal  

cel ls,  which respond by  secreting acid.  This is a  refex action .  

Sodium and  chloride ions are also secreted, causing water 

to  move by  osmosis into the stomach to orm gastric juice.  

When ood  enters the stomach chemoreceptors detect amino 

acids and  stretch receptors respond to the distension o the  

stomach wall .  Impulses are sent rom these receptors to the  

brain,  which sends impulses via  the vagus nerve  to  endocrine 

cel ls in  the wall  o the duodenum and  stomach, stimulating 

them to secrete gastrin .  The hormone gastrin  stimulates 

urther secretion o acid  by  parietal  cel ls and  pepsinogen by  

chie cel ls.  Two other hormones, secretin  and  somatostatin ,  

inhibit gastrin  secretion  i the pH  in  the stomach al ls too low. 
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Liver

FUNCTIONS OF THE LIVER
The l iver is composed  o hepatocytes that carry  out many  

important unctions:

Detoxication

Hepatocytes absorb toxic substances rom blood  and  

convert them by  chemical  reactions into  non-toxic or less 

toxic substances.

Breakdown o erythrocytes

Erythrocytes (red  blood  cel ls)  have a  airly  short l iespan  

o about 120 days. Kupfer cells in  the walls o sinusoids in  

the l iver are special ized  macrophages that absorb and  break 

down damaged red  blood  cel ls by  phagocytosis and  recycle  

their components. The hemoglobin  is spl it into heme groups 

and  globins. The globins are hydrolysed  to amino acids,  which  

are released  into the blood. I ron is removed rom the heme 

groups, to  leave a  yel low coloured  substance cal led  bile  

pigment  (bil irubin) .  The iron  and  the bile  pigment are released  

into the blood. Much o the iron is carried  to bone marrow, to  

be used  in  production o hemoglobin  or new red  blood  cel ls.  

The bile  pigment is used  or bile  production in  the l iver.

Conversion o cholesterol  to bile salts

Hepatocytes convert cholesterol  into  bi le  salts which  are part 

o the bi le  that is produced  in  the l iver.  When bile  is secreted  

into the smal l  intestine the bi le  salts emulsiy  droplets o 

l ipid,  greatly  speeding up l ipid  digestion  by  l ipase.  

Hepatocytes can  also synthesize cholesterol  i amounts in  

the diet are insucient.  

Production  o plasma proteins

The rough endoplasmic reticulum o hepatocytes produces 

90% o the proteins in  blood plasma, including all  o the albumin  

and brinogen. Plasma proteins are processed by the Golgi  

apparatus in hepatocytes beore being released into the blood.

Nutrient storage and  regulation

Blood  that has passed  through the wall  o the gut and has 

absorbed  digested  oods fows via  the hepatic portal  vein  to  

the l iver where it passes through sinusoids and  comes into  

intimate contact with  hepatocytes. This al lows the levels o 

some nutrients to be regulated  by  the hepatocytes.

For example,  when the blood  glucose level  is too high,  insulin  

stimulates hepatocytes to absorb glucose and  convert it to  

glycogen or storage. When the blood  glucose level  is too low,  

glucagon stimulates hepatocytes to break down glycogen  

and  release glucose into the blood.

Iron, retinol  (vitamin A)  and  calcierol  (vitamin D)  are also 

stored  in  the l iver when they are in  surplus and released when  

there is a  decit in  the blood.

BLOOD FLOW THROUGH  THE LIVER
The liver is supplied with blood by two vessels  the hepatic 

portal  vein and the hepatic artery. Blood in the hepatic portal  

vein is deoxygenated, because it has already fowed through  

the wall  o the stomach or the intestines. Inside the l iver, the 

hepatic portal  vein divides up into vessels called sinusoids.  

These vessels are wider than normal  capillaries, with walls 

that consist o a  single layer o very thin cells. There are many  

pores or gaps between the cells so blood fowing along the 

sinusoids is in  close contact with the surrounding hepatocytes.  

The hepatic artery supplies the liver with oxygenated blood  

rom the let side o the heart via the aorta. The hepatic artery  

branches to orm capillaries that join the sinusoids at various 

points along their length, providing the hepatocytes with the 

oxygen that they need or aerobic cell  respiration. The sinusoids 

drain into wider vessels that are branches o the hepatic vein.  

Blood rom the liver is carried by the hepatic vein to the right 

side o the heart via  the inerior vena cava.
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hepatocyteslumen  of

sinusoid

branch  of

hepatic vein

single  layer of cel ls

forming the  wal l  of the

sinusoidKuper cel l

branch  of
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HIGH-DENSITY LIPOPROTEIN
Cholesterol  is  associated  by  many  people  with  coronary  heart d isease and  other health  problems. This is not entirely  justied  

as cholesterol  is  a  normal  component o plasma membranes and  hepatocytes synthesize cholesterol  or use in  the  body.  H igh  

levels o blood  cholesterol  are not necessarily  worrying  it depends on  whether the cholesterol  is  being carried  to  or rom body  

tissues.  Cholesterol  is  transported  in  l ipoproteins,  which  are smal l  droplets coated  in  phosphol ipid.  Health  proessionals are  

trying to  educate the publ ic to  think o low-density  l ipoprotein  (LDL)  as bad  cholesterol   because it carries cholesterol  rom the 

l iver to  body  tissues.  H igh-density  l ipoprotein  (HDL)  is good  cholesterol  as it col lects cholesterol  rom body  tissues and  carries 

it back to  the l iver or removal  rom the blood.  

JAUNDICE
  Jaundice  is  a  condition  in  which  the skin  and  eyes 

become yel low due to  an  accumulation  o bi l irubin  (bile  

pigment)  in  blood  plasma.

  I t is caused  by  various disorders o the l iver,  gal l  bladder 

or bi le  duct that prevent the excretion  o bi l irubin  in  bi le,  

or example hepatitis,  l iver cancer and  gal lstones.  

  There are serious consequences i bi l irubin  levels in  

blood  plasma remain  elevated  or long periods in  inants,  

including a  orm o brain  damage that results in  deaness 

and  cerebralpalsy.  

  Adult patients with  jaundice normally  just experience 

itchiness.
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CARDIAC MUSCLE
The electron  micrograph shows junctions between cardiac 

muscle cel ls.  The  junctions have a  zigzag shape and  are 

cal led  intercalated discs.  In  these structures there are 

cytoplasmic connections between the cel ls that al low 

movement o ions and  thereore  rapid  conduction  o 

electrical  signals rom one cel l  to  the next.  Sarcomeres and  

mitochondria  are also visible  in  the electron  micrograph.

The cel l  on  the let o the micrograph is connected  to  two 

cel ls on  the right.  This i l lustrates another property  o cardiac 

muscle cel ls  they  are branched.  This helps electrical  

stimuli  to  be  propagated  rapidly  through  the  cardiac muscle  

in  the wal ls o the heart.

CONTROL OF THE CARDIAC CYCLE
Cardiac muscle cel ls have the special  property  o being able  to  

stimulate each  other to  contract.  Intercalated  discs between 

adjacent cardiac muscle cel ls al low impulses to  spread  

through the wal l  o the  heart,  stimulating contraction.  

A smal l  region  in  the wal l  o the right atrium cal led  the 

sinoatrial  node  (SA node)  initiates each  impulse and  so acts 

as the pacemaker o the  heart.  Impulses initiated  by  the  SA 

node spread  out in  al l  d irections through the wal ls o the  atria,  

but are prevented  rom spreading directly  into  the wal ls o 

the ventricles by  a  layer o fbrous tissue.  Instead,  impulses 

have to travel  to the ventricles via the atrio-ventricular node  (AV 

node) , which  is positioned  in  the wal l  o the right atrium,  close 

to  the junction  between the atria  and  ventricles.  

Impulses reach  the  AV node 0.03  seconds ater being 

emitted  rom the SA node.  There  is a  delay  o 0.09  seconds 

beore  impulses pass on  rom the AV node,  which  gives 

the  atria  time to  pump blood  into  the  ventricles beore  the 

ventricles contract.  Impulses are  sent rom the AV node 

a long conducting fbres  that pass through  the  septum 

between  the let and  right ventricles,  to  the  base o the  heart.  

Narrower conducting fbres branch  out rom these bundles 

and  carry  impulses to  a l l  parts o the  wal ls o the  ventricles,  

coordinating an  a lmost simultaneous contraction  throughout 

the  ventricles.  

sinoatrial  node

atrio-ventricular node

bundle of His

(conducting bres)

bundles of conducting

bres in  the septum

between the ventricles

Purkinje bres

(conducting bres)

in  ventricle walls

The d iagram above shows the  nodes 

and  conducting fbres in  the wal ls o 

the atria  and  ventricles that are used  

to  coordinating contractions during the 

cardiac cycle.

EVENTS OF THE CARDIAC CYCLE
The main  events o the cardiac cycle are described  in  Topic 6.  

The fgure below shows pressure and  volume changes in  the 

let atrium, let ventricle and  aorta  during two cycles.  I t also 

shows electrical  signals emitted  by  the heart and  recorded  by  

an  ECG (electrocardiogram)  and  sounds (phonocardiogram)  

generated  by  the beating heart.
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STETHOSCOPES AND HEART SOUNDS
The stethoscope was invented  in  the early  19th  century  

and  has changed  l ittle  since about 1850.  I t consists o a  

chestpiece with  diaphragm to  pick up sounds,  and  fexible  

tubes to  convey  the  sounds to  the l isteners ears.  Al though  

a  simple device,  the introduction  o the stethoscope led  to  

greatly  improved  understanding o the workings o the  heart 

and  other internal  organs.  Normal  heart sounds detected  

with  a  stethoscope are a  lub due to  the  closure  o the 

atrio-ventricular valves (1st sound)  and  a  dup due to  the 

closure o semilunar valves (2nd  sound) .  Murmurs (other 

sounds)  indicate problems such  as leaking valves.

MEASURING BLOOD PRESSURE
To measure blood  pressure,  a  cu is placed  around  the  

upper arm and  is infated  to  constrict the arm and  prevent 

blood  in  the arteries rom entering the orearm.  The cu is 

slowly  defated  and  the doctor l istens with  a  stethoscope 

or sounds o blood  

fow in  the artery.  

This occurs when 

the cu pressure 

drops below the 

systol ic pressure.  

The cu is urther 

defated  until  

there are no more 

sounds,  which  

happens when  the  

cu pressure drops 

below the diastol ic 

pressure.  The table  

indicates how blood  

pressures (such  as 

130 systol ic over 

90  diastol ic)  are 

interpreted.  
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INCIDENCE OF CORONARY HEART DISEASE
Coronary heart disease (CHD)  is damage to the heart due to  

blockages or interruptions to the supply o blood in coronary  

arteries. Investigation o CHD by experiment is unethical, so  

research is ocused on analysis o epidemiological  data. An  

example is included in the questions at the end o this option.

DEFIBRILLATORS
One o the eatures o a  heart attack is ventricular brillation  

this is essentially the twitching o the ventricles due to rapid and  

chaotic contraction o individual  muscle cells. It is not eective 

in pumping blood. When rst responders reach a patient having 

a heart attack, they apply the two paddles o a  debrillator to the 

chest o the patient in a  diagonal  l ine with the heart in the middle.  

The device rst detects whether the ventricles are brillating,  

and i they are it delivers an electrical  discharge that oten stops 

the brillation and restores a normal heart rhythm.

HYPERTENSION  AND THROMBOSIS
The causes o hypertension  are  not clear,  but there are 

various risk actors that are associated  with  this condition  

and  may  help to  cause it:  being obese,  not taking exercise,  

eating too  much salt,  drinking large amounts o coee 

or alcohol ,  and  genetic actors (e.g.  having relatives with  

hypertension) .  I  let untreated,  hypertension  can  damage 

the kidneys,  or cause a  heart attack or a  stroke.

The causes o thrombosis  (ormation o blood clots inside blood  

vessels)  are also unclear, but risk actors include high HDL (high-

density lipoprotein)  levels in blood, high levels o saturated  

ats and trans-ats in the diet, inactivity or example on air 

fights, smoking, hypertension and genetic actors. Thrombosis 

in coronary arteries causes a heart attack, and in the carotid  

arteries that carry blood to the brain it causes a stroke.

MEASURING THE HEART RATE
The heart rate can  be measured  easily  using the  radial  

pulse  at the wrist or the carotid  pulse  in  the neck.  The rate 

is the number o beats per minute.  Heart rate depends on  

the bodys demand  or oxygen,  glucose and  or removal  

o carbon dioxide.  There is thereore a  positive correlation  

between intensity  o physical  exercise and  heart rate.  

ARTIFICIAL PACEMAKERS
Articial  pacemakers are medical  devices that are surgically  

tted in patients with a malunctioning sinoatrial  node or a  block 

in the signal  conduction pathway within the heart. The device 

regulates heart rate and ensures that it ollows a steady rhythm. 

Pacemakers can either provide 

a  regular impulse or only  when 

a  heartbeat is missed. They  

consist o a  pulse generator 

and  battery  placed under the  

skin  below the col lar bone,  

with  wires threaded through 

veins to del iver electrical  

stimuli  to  the right ventricle.  

ELECTROCARDIOGRAMS
Electrical  signals rom the heart can be detected using an  

electrocardiogram (ECG) . Data-logging ECG sensors can be  

used to produce a  pattern as shown in the gure below. The 

P-wave  is caused by atrial  systole  (contraction o the atria)  and  

the QRS wave  is caused   

by  ventricular systole.  The  

T-wave occurs during  

ventricular diastole.

Special ists use changes  

to  the size o peaks  

and  lengths o  

intervals  

to  detect  

heart  

problems.
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Endocrine glands and hormones (HL only)  

STEROID  AND PEPTIDE HORMONES
Hormones  are  chemical  messengers,  secreted  by  endocrine 

glands directly  into  the bloodstream. The blood  carries them 

to  target cells,  where they  el icit a  response.  A wide range 

o chemical  substances work as hormones in  humans,  but 

most are in  one o two chemical  groups:

steroids  e .g.  estrogen,  progesterone,  testosterone 

peptides  (smal l  proteins)  e.g.  insul in,  ADH,  FSH.

These two groups infuence target cel ls d ierently.

Steroid  hormones  enter cel ls by  passing through the plasma 

membrane.  They  bind  to  receptor proteins in  the cytoplasm 

o target cel ls to  orm a  hormonereceptor complex.  This 

complex regulates the transcription  o specic genes by  

binding to  the promoter.  Transcription  o some genes is 

stimulated  and  other genes are  inhibited.  In  this way  steroid  

hormones control  whether or not specic enzymes or other 

proteins are  synthesized.  They  thereore help to  control  the 

activity  and  development o target cel ls.

Peptide hormones  do  not enter cel ls.  Instead  they  bind  to  

receptors in  the plasma membrane o target cel ls.  The binding 

o the hormone causes the release o a  secondary  messenger 

inside the cel l ,  which triggers a  cascade o reactions. This 

usual ly  involves activating or inhibiting enzymes.

HORMONES AND THE HYPOTHALAMUS
The hypothalamus  is  a  smal l  part o the brain  that 

l inks the nervous and  endocrine systems.  I t controls 

hormone secretion  by  the pituitary  gland  located  below it.  

Hormones secreted  by  the  pituitary  gland  control  growth,  

developmental  changes,  reproduction  and  homeostasis.  

Some neurosecretory  cel ls in  the hypothalamus secrete 

releasing hormones into  capil laries that join  to  orm a  portal  

blood  vessel  leading to  capil laries in  the anterior lobe  o the 

pituitary gland .  These releasing hormones trigger secretion  

o hormones synthesized  in  the anterior pituitary.  FSH  

is released  in  this way.  Other neurosecretory  cel ls in  the 

hypothalamus synthesize hormones and  pass them via  

axons or storage by  nerve endings in  the posterior pituitary ,  

and  subsequent secretion  that is under the control  o the  

hypothalamus.  ADH  is a  hormone that is released  in  this way.
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USE OF GROWTH HORMONE IN  ATHLETICS
Growth hormone (GH )  is  a  peptide secreted  by  the pituitary  

gland.  I t stimulates synthesis o protein  and  breakdown o 

at,  prol ieration  o carti lage cel ls,  mineral ization  o bone,  

increases in  muscle mass and  growth  o al l  organs apart 

rom the brain.  GH  has been used  by  athletes since the 

1960s to  help to  build  their muscles.  There is some evidence 

that i t does enhance perormance in  events depending on  

muscle mass,  but most sports ban  GH  and  tests have been 

developed  to  catch  i l legal  users.  

CONTROL OF MILK SECRETION
Milk secretion is regulated by pituitary hormones. Prolactin  

is secreted by the anterior pituitary. It stimulates mammary  

glands to grow, and to produce milk. During pregnancy, high  

levels o estrogen increase prolactin production but inhibit its 

eects. An abrupt decline in estrogen ollowing birth ends this 

inhibition and milk production begins. The milk is produced and  

stored in small  spherical  chambers (alveoli)  distributed through  

the mammary gland. Oxytocin  stimulates the let-down o milk 

to a  central  chamber where it is accessible to the baby. The 

physical  stimulus o suckling (nursing)  by a baby stimulates 

oxytocin secretion by the posterior pituitary gland.

IODINE DEFICIENCY DISORDER 

COO
-

NH3

+

HO

I O

I

I

I

Iodine is needed or the synthesis o the hormone thyroxin,  by  

the thyroid gland. An obvious symptom o iodine deciency  

disorder (IDD)  is swelling o the thyroid gland in the neck,  

called goitre. IDD also has some less obvious but very serious 

consequences. I women are aected during pregnancy,  

their children are born with permanent brain damage. I 

children suer rom IDD ater birth, their mental  development 

and intelligence are impaired. In 1998 UNICEF estimated  

that 43 million people worldwide had brain damage due to  

IDD and 11 million o these had a severe condition called  

cretinism. The International  Council  or the Control  o Iodine 

Deciency Disorders (ICCIDD)  is a non-prot, non-governmental  

organization that is working to achieve sustainable elimination o 

iodine deciency worldwide. It is a  ne example o cooperation  

between scientists and many dierent other groups.
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Carbon dioxide transport (HL only)

LUNG TISSUE IN  MICROGRAPHS
The structure o alveol i  in  the l ight micrograph below can  

be interpreted  using the  diagram o an  alveolus in  Topic 6.  

The alveolus wal ls consist o one layer o pneumocytes.  

Capil laries between the wal ls o pairs o alveol i  are  only  wide 

enough  or red  blood  cel ls to  pass in  single  le.

The electron  micrograph  below shows parts o two alveol i  

and  a  capil lary  with  six red  blood  cel ls.  Separating the air in  

the alveol i  rom the hemoglobin  in  the red  blood  cel ls are  

just two layers o cel ls:  the  epithelium  and  endothelium  that 

orm the wal ls o the  alveolus and  capil lary  respectively.  

METHODS OF CARBON  DIOXIDE 

TRANSPORT
Carbon  dioxide is carried  by  the  blood  to  the lungs in  

three diferent ways.  A smal l  amount is carried  in  solution  

(dissolved)  in  the plasma. More is carried  bound to 

hemoglobin .

Even  more sti l l  is  transormed into hydrogencarbonate  ions 

in  red  blood  cel ls.  Ater d ifusing into  red  blood  cel ls,  the 

carbon dioxide combines with  water to  orm carbonic acid.  

This reaction  is catalysed  by  carbonic anhydrase.  Carbonic 

acid  rapidly  dissociates into  hydrogencarbonate and  

hydrogen ions.  The hydrogencarbonate ions move out o the 

red  blood  cel ls by  acilitated difusion .  A carrier protein  is 

used  that simultaneously  moves a  chloride ion  into  the red  

blood  cel l .  This is cal led  the chloride shit and  prevents the 

balance o charges across the membrane rom being altered.

H2O
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H2CO3
CO2

CO2

carbonic

anhydrase
HCO3

-

HCO3
-

Cl-

plasmared  blood  cel l

CONTROLLING THE VENTILATION  RATE
In  the  wa l ls  o the  aorta  and  carotid  arteries  there  are 

chemoreceptors  that a re  sensitive  to  changes  in  b lood  

pH .  The  normal  range  is  7.357.45 .  The  usua l  cause 

o b lood  pH  dropping to  the  l ower end  o th is  range  is 

an  increase  in  carbon  d ioxide  entering the  b lood  rom 

respiring cel l s.  

When  a  decrease in  pH  is detected  signals are sent rom 

the chemoreceptors to  the respiratory  control  centre in  the 

medulla  oblongata .  The respiratory  control  centre responds 

by  sending nerve impulses to  the diaphragm and  intercostal  

muscles,  causing them to  increase the rate  at which  they  

contract and  relax.  This increase in  ventilation  rate  speeds 

up the rate o carbon dioxide removal  rom blood  as it passes 

through the lungs,  so  blood  pH  rises and  remains within  its 

normal  range.  The increase in  venti lation  rate also  helps to  

increase the rate o oxygen  uptake,  which  al lows aerobic cel l  

respiration  to  continue in  muscles and  helps to  repay  the 

oxygen  debt ater anaerobic cel l  respiration.

During vigorous exercise, the energy demands o the body can  

increase by over ten times. The rate o aerobic respiration in  

muscles rises considerably, so there is a  signicant increase 

in the amount o CO
2
 entering the blood and the concentration  

rises. Blood pH  thereore alls, but stil l  usually  remains within  

the normal  range because o the large increase in  ventilation  

rate. Ater exercise, the level  o CO
2
 in  the blood alls, the pH  

rises and the breathing centres cause the ventilation rate to  

decrease.

PUBLIC ATTITUDES TO  SMOKING
Scientic research in the second hal o the 20th century  

produced abundant evidence o the damage done to human 

health by smoking. Scientists have played a major role in  

inorming the public about this, which has led to a change in  

public perception o smoking. As a result politicians have had  

enough support to allow them to raise taxes on tobacco and  

introduce increasingly extensive bans on smoking.  

TREATMENT OF EMPHYSEMA
The causes and consequences o emphysema are described  

in Topic 6.  

Treatment is by providing a supply o oxygen-enriched air,  

training in breathing techniques to reduce breathlessness,  

surgery to remove damaged lung tissue and less commonly  

lung transplants, and o course quitting smoking.
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Oxygen transport (HL only)

OXYGEN  DISSOCIATION  CURVES
Oxygen is transported  rom the lungs to  respiring tissues 

by  hemoglobin  in  red  blood  cel ls.  The oxygen saturation  o 

hemoglobin  is 100% i a l l  the hemoglobin  molecules in  blood  

are carrying our oxygen  molecules,  and  is 0% i they  are al l  

carrying none.

Percentage  saturation  depends on  oxygen  concentration  

in  the  surroundings,  which  is  usual ly  measured  as  a  

partia l  pressure  (pressure  exerted  by  a  gas  in  a  mixture  

o gases) .  

The percentage saturation  o hemoglobin  with  oxygen  

at each  partial  pressure  o oxygen  is an  indication  o 

hemoglobins afnity  (attractiveness)  or oxygen.  This can  

be shown on  oxygen d issociation  curves (below) .

partia l  pressure  of oxygen/kPa

0

10

20

30

40

50

60

70

80

90

100

p
er
ce

n
ta
g
e
 s
a
tu
ra
ti
o
n
 o
f 
h
em

o
g
lo
b
in

w
it
h
 o
xy

g
en

normal

range of

oxygen

partial

pressures

in tissues

adult  hemoglobin

myoglobin

15105

The curve or hemoglobin  is S-shaped  (sigmoid) .  This 

is because o interactions between  the  our subunits in  

hemoglobin  that make it more stable  when our oxygen 

molecules are bound  or none.  As a  result,  large amounts 

o oxygen are released  over the range o oxygen partial  

pressures normally  ound  in  respiring tissues.

Myoglobins curve is not sigmoid  as it consists o only  one 

globin  and  heme. The partial  pressure o oxygen in  alveol i  

is  about 15  kPa.  The d issociation curve shows that blood  

fowing through  the  lungs wil l  thereore become almost 

100% saturated.  I t a lso  shows that the lower the oxygen 

concentration  in  a  tissue through which  oxygenated  blood  

fows,  the lower the saturation  reached,  so  the greater the 

oxygen  released.  

Myoglobin  consists  o one  globin  and  heme group,  

whereas hemoglobin  has our.  Myoglobin  is  used  to  store 

oxygen  in  muscles.  The  oxygen  curve  or myoglobin  is  to  

the  let o the  curve  or adul t hemoglobin,  showing that 

myoglobin  has a  h igher anity  or oxygen.  At moderate 

partia l  pressures o oxygen,  adult hemoglobin  releases 

oxygen  and  myoglobin  binds i t.  Myoglobin  only  releases 

i ts  oxygen  when  the  partia l  pressure  o oxygen  in  the  

muscle  is  very  low.  The  release  o oxygen  rom  myoglobin  

delays the  onset o anaerobic respiration  in  muscles 

during vigorous exercise.  

THE BOHR SHIFT
The release o oxygen by  hemoglobin  in  respiring tissues is 

promoted  by  an  eect cal led  the Bohr shit.  Hemoglobins 

anity  or oxygen is reduced  as the partial  pressure o 

carbon dioxide increases,  so the oxygen dissociation  curve 

shits to  the right.  The lungs have low partial  pressures o 

carbon dioxide,  so oxygen tends to  bind  to  hemoglobin.  

Respiring tissues have high  partial  pressures o carbon 

dioxide so oxygen tends to  dissociate,  increasing the supply  

o oxygen to  these tissues.
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FETAL HEMOGLOBIN
The hemoglobin  in  the red  blood  cel ls o a  etus is sl ightly  

dierent in  amino acid  sequence rom adult hemoglobin.  I t 

has a  greater anity  or oxygen,  so  the oxygen dissociation  

curve is shited  to  the let.  Oxygen that d issociates rom 

adult hemoglobin  in  the placenta  binds to  etal  hemoglobin,  

which  only  releases it once it enters the tissues o the etus.
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GAS EXCHANGE AT H IGH  ALTITUDE
The partial  pressure o oxygen at high altitude is lower than at sea  

level. Hemoglobin may not become ully saturated as it passes 

through the lungs, so tissues o the body may not be supplied  

with enough oxygen. A condition called mountain sickness  

can develop, with muscular weakness, rapid pulse, nausea  

and headaches. This can be avoided by acclimatization to high  

altitude during which time muscles produce more myoglobin and  

develop a denser capillary network, ventilation rate increases and  

extra red blood cells are produced. Some people who are native  

to high altitude show other adaptations, including a high lung 

capacity with a large surace area or gas exchange, larger tidal  

volumes and hemoglobin with an increased anity or oxygen.
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Questions  human physiology
1. A survey was done o patients who had complained o pain  

in their digestive system. The lining o their esophagus and  

stomach was examined using an endoscope and the patients 

blood was tested or the presence o antibodies against 

Helicobacter pylori.  The table below shows the results o the 

survey.  

Endoscopy  nding

Antibodies against H.  pylori  

(number o cases)

Present Absent 

Normal 51 82

Esophagus infamed 11 25

Stomach  ulcer 15 2

Stomach  cancer 5 0

a)  Explain  why  the researchers tested  or antibodies  

against H.  pylori  in  the blood  o the  patients.  [2]

b)  Discuss the evidence rom the survey  results,  or  

H.  pylori  as a  cause o stomach ulcers and  cancer.  [3]

c)  Explain  how H.  pylori  causes stomach  ulcers.  [3]

d)  Outl ine two reasons or acidic conditions being 

maintained  in  the stomach.  [2]  

2 .  a)    D istinguish  between  essential  and  non-essential   

nutrients.  [2]

b)  Explain  the  consequences o a  deciency  in  the  diet  

o an  essential  amino acid.  [3]

c)  Outl ine  two conditions that might cause the   

breakdown o heart muscle tissue.  [2]

d)  Outl ine two conditions caused  by  being overweight.  [2]

e)  Outl ine the mechanism that can  prevent the body   

rom becoming overweight.  [2]

)  Explain  how the content o energy  and  essential   

nutrients in  a  d iet can  be assessed.  [3]

3.  The electron  micrograph shows tissue around  a  branch o 

the hepatic vein.

a)  Outl ine the structure o the  l iver around  the vein.  [3]

b)  Rough ER and  Golgi  apparatuses are  prominent  

eatures in  most l iver cel ls.  Outl ine their unction.  [2]

c)  State one example each  o a  vitamin,  mineral  and  

carbohydrate  that is stored  in  l iver cel ls.   [3]

d)  Predict,  with  a  reason,  the d ierence between the 

concentration  o ethanol  in  the hepatic portal  vein   

and  the hepatic vein.  [2]

4.  The gure is part o an  ECG trace or a  healthy  person.  The 

larger squares on  the x axis are 0.1  seconds.

I I I I I I

a)  Calculate the heart rate using data  in  the ECG.  [3]

b)  ( i)  State the names given  to  I ,  I I  and  I I I .  [3]

(i i)  Deduce the  events in  the heart at I ,  I I  and  I I I .  [3]

c)  An  ECG test is normally  perormed  lying down, but it  

can  also be done with  the person on  a  treadmil l  or 

exercise bike.  Predict how this wil l  a lter the results.  [2]  

5 .  (HL)  The diagram shows the action  o two types o hormone 

on  a  cel l .

plasma

membrane

nuclear

membrane

a)  Deduce the two types o hormone,  I  and  I I .  [2]

b)  Suggest an  example o each  type o hormone.  [2]

c)  Explain  al l  the events shown in  the diagram. [6]

6.  (HL)  V
E
 is  the total  volume o air expired  rom the lungs per 

minute.  The graph below shows the relationship between  V
E
 

and  the carbon  dioxide content o the inspired  air.
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a)  Outl ine the relationship between  the carbon  dioxide 

content o inspired  air and  V
E
.  [2]

b)  Explain the eect o increasing CO
2
 content o air on V

E
. [3]

c)  Predict the eect on  V
E
 o increasing the carbon   

d ioxide concentration  o inspired  air above 7%.  [4]

d)  Suggest one other actor that increases V
E
.  [1]

e)  State three ways in  which  carbon  dioxide can  be 

transported  in  blood.  [3]

)  Outline the eect o increasing carbon dioxide 

concentration on the anity o hemoglobin or oxygen. [2]
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Exam advice

There re three e ppers or both  SL n  HL Bology

Standard Level  (SL) Higher Level  (HL)

Time 

(min)

Marks Types of question Time 

(min)

Marks Types of question

Paper 1 45 30 

(20%)

multple  hoe bse  on  the core 60 40 

(20%)

multple  hoe bse  on  core  

n  aHL

Paper 2 75 50  

(40%)

  dt-bse  queston  

  Short nswer questons 

  Etene  response queston  (one 

ro   hoe o two)   l l  bse  

on  the core

135 72  

(36%)

  dt-bse  queston  

  Short nswer questons 

  Etene  response queston   (two 

ro   hoe o three)   l l  bse  

on  core n  aHL

Paper 3 60 35  

(20%)

Seton  a Short nswer questons 

on  eperentl  skl ls,  tehnques,  

nlyss n  eluton  o t  

bse  on  the core

Seton  B  Short nswer n  

etene  response questons ro 

one Opton

75 45 

(24%)

Seton  a Short nswer questons 

on eperentl  sklls, tehnques,  

nlyss n eluton o t bse  

on core n aHL

Seton  B  Short nswer n  etene  

response questons ro one Opton

i you  wnt to  o wel l  n  these nl  es, you  ust prepre or 

the ery  reully  n  the weeks beorehn. You  wl l  nee  to  

spen  ny  hours on  ths tsk n  n  tts tht work or you.  

You  shoul  prtse nswerng e questons usng the 

questons t the en  o tops n  ths book,  ter resng eh  

top.  Your teher shoul  lso  ge you  soe whole pst e 

ppers to  try .

There re our styles o queston  n  iB  Bology  es.

  Multiple choice questions    These re  questons where you  

hoose one o our possble  nswers.  Re  l l  the nswers 

beore hoosng the best one.  i  you  nnot ee on  n  

nswer,  try  to  el nte those tht re obously  wrong to  

nrrow own the possbl tes.  Lee fult questons 

untl  you  he nswere  the strghtorwr  ones.  Ge  

n  nswer to  eery  queston   rks re not eute  or 

wrong nswers.  clultors re  not pertte  s there re no  

ultple  hoe questons wth  fult lultons.

  Short answer questions    These questons re broken  up 

nto  sl l  setons,  eh  o whh  you  nswer n  the spe 

or on  the l nes proe.  i  you  run  out o spe,  you  n  

ontnue your nswer on  etenson  pges but try  not to  o 

ths  the best nswers lost lwys t nto  the spe 

proe.  You  ust nte ery  lerly  whh  questons you  

he ontnue  on  etenson  pges n  el ly  t shoul  be 

none!  The nuber o rks or eh  seton  s nte  n  

ths tel ls you  how etle  your nswer nees to  be.  

  Data-based questions    These re   spel  type o short 

nswer queston.  There  s one n  t-bse  queston  t 

the strt o Pper 2,  whh  wl l  ontn  publ she  reserh  

t  tht you  re unl kely  to  he seen.  There re lso  

t-bse  questons n  Seton  a o Pper 3 ,  but they  re 

bse  on  prtl  work tht you  he one n  the  lbs or on  

lss pees o reserh.  

Look through the questons n  ths book to  see soe o the 

wys n  whh  t  n  be presente.  You  shoul  lwys 

stuy  t ery  reul ly  beore nswerng the questons,  or 

eple the sles n  lbel l ng on  the es o grphs.  

i  there re lultons,  reeber to  show your workng 

n  ge unts wth  your nswer,  or eple grs or 

l l etres.

  Extended response questions    These questons requre 

etle  nswers on  l ne  pper t the en  o the  e 

booklet.  You  n  ee wht style  o nswer to  ge.  

Usul ly  ontnuous prose s best,  but soetes es n  

be  shown n    tble  or on    reul ly  nnotte  gr. 

Re  the whole  o eh  queston  beore hoosng whh  to  

nswer.  as the queston  s  e  up nto  setons () ,  (b)  

n  so  on,  you  ust nswer t n  these setons.  i  you  pln  

out your nswer t wl l  be  eser to  ensure tht you  he 

rrnge  your es n    logl  sequene.  You  n  pln  out 

your nswer on  the l ne  pges or nswers to  etene  

response questons,  but reeber to  ross out the pln  

when  you  he wrtten  your ul l  nswer,  so  the  ener 

oes not thnk tht t s prt o your nswer.  do not nlue 

rrelent terl  n  epress l l  your es lerly,  wthout 

repetton.  There  s   rk or the  qul ty  o onstruton  o 

your nswer so t s  worth  pyng ttenton  to   t.  as wth  l l  

questons,  you  ust wrte  legbly  or the ener y  not be 

ble  to  rk your work.  Ths y  en  tht you  he to  wrte  

ore slowly  thn  norl.

COMMAND TERMS

The wor  t the strt o eh  Pper 2  n  Pper 3  e queston  

tel ls you  wht to  o.  These wors re thereore l le  on  

ters. in  iB  es eh on  ter hs   prtulr 

enng.  Your teher n  ge you    oplete l st but soe o 

the ters re obous or re neer use  n  bology  es. These 

re the ost sgnnt or bology:

Calculate:  The nswer wl l  be    nuber n  usul ly  the  Si  

unts re neee  s wel l ,  suh  s l l etres or seons.  i t 

s  best to  nlue workng,  rther thn  just ge  the  nswer to  

the lulton.  Soetes there s   rk wre  or orret 

workng,  een  the nl  nswer s wrong.

Compare/Compare and  Contrast/Distinguish:  i n    opre 

queston  you  ge only  slrtes,  n     stngush queston  
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you  ge only   ferenes n  n    opre n  ontrst you  

ge both  slrtes n  ferenes.  in  eh  o these types 

o queston  t s  portnt not to  esrbe thngs seprtely.  

Eery  sentene n  your nswer shoul  be reerrng to  both  

or l l  o the thngs tht the queston  s skng bout.  When 

gng slrtes the key  wor  tht ght go t the strt o 

your nswer s Both s n  Both  plnt n  nl  el ls he   

nuleus.  Wth  ferenes the key  wor  s oten  wheres,  or 

eple  Plnt el ls he   el l  wl l  n  pls ebrne 

wheres nl  el ls only  he   ebrne.  The best wy  

to  ge  ferenes s oten  n    tble.  Use the oluns o the 

tble  or the thngs tht you  re oprng n  the rows or the 

nul   ferenes.  Slrtes n  be nlue  by  ergng 

el ls n  one row o the tble.

Deduce:  The nswer s worke  out logl ly  ro the eene or 

norton  gen n  the queston.  

Describe/Outline:  al l  etls re epete  n    esrbe 

queston  but n  outl ne questons   breer nswer s epete.

Discuss:  There  wont usul ly  be   sple strghtorwr  

nswer to  these questons,  or eple your nswer shoul  

oten  nlue rguents or n  gnst soethng.  Try  to  ge   

blne  ount.  Soetes your nswer shoul  onsst o   

seres o lternte hypotheses  you  oul  nte how l kely  

eh  one s but you  ont nee  to  ke   nl  hoe.

Evaluate:  Ths usul ly  noles ssessng the lue,  portne 

or efets o soethng.  You  ght he to  ssess the strengths 

n  l ttons o   tehnque,  or o   oel  n  helpng to  epln  

soethng.  You  ght he to  ssess the  epete  pts 

o soethng on  the enronent.  Whteer t s  tht you  re 

elutng,  you  wl l  probbly  he to  use your jugeent n  

oposng n  nswer.

Explain:  Soetes ths noles gng the ehns behn  

soethng  oten    logl  hn  o eents,  eh  one usng 

the  net.  Ths s   how sort o eplnton.  a key  wor  s oten  

thereore.  Soetes t noles gng the resons or uses 

or soethng.  Ths s   why sort o eplnton.  a key  wor  s 

oten  beuse.

Label/Annotate:  lbels re  sple  nes o strutures on    

 gr wheres nnottons re notes e  to     gr 

gng ore norton  thn    lbel .

Suggest:  dont epet to  he been  tught the nswer to  these 

questons.  Use your oerl l  bologl  unerstnng to  n  

nswers  s long s they  re possble,  they  shoul  get   rk.
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Nature of science  a  summary

By  stuyng iB  bology  you  wl l  eelop n  unerstnng o the nture o sene,  nlung the ethos use  by  sentsts to  

nestgte  the  nturl  worl.  Nture o sene s the oerrhng thee n  l l  o the iB  senes.  Soe spets o the  nture  o 

sene re prtulrly  portnt n  bology  n  you  shoul  know eples o eh   there y  be questons on  the n  ny  o 

your bology  es. a sury  o these spets,  wth  pge nubers o eples n  the core or aHL s gen  below. (aHL eples 

re only  stue  by  HL stuents.)  

Aspect of nature of science Example Page

Soe sent  soeres re unplnne,  surprsng  

or entl  (serenpty)

  dsoery  o yl ns 15

Sentsts ke reul  obsertons   rnkl ns x-ry  rton  dNa reserh  (HL)

  morgns soery  o gene l nkge (HL)

88

124

Sentsts obtn  eene or theores   meselson  n  Sthl  se-onserte repl ton

  Epeology  n  uses o lung ner

29

79

deelopents n  sent reserh  ol low proeents 

n  pprtus 

  Eletron  rosopes n  ultrstruture

  Use o gene sequenng hnes

  autorogrphy  n  dNa n  hroosoes

  Hreys probles wth  reprouton  reserh

  cln  n  1 4c n  photosynthess reserh  (HL)

  aphs n  1 4c rote lbels n  phloe (HL)

  detetng tres o plnt horones (HL)

  Rote lu n  usle ontrton  (HL)

5

49

38

86

109

117

117

133

deelopents n  reserh  he ol lowe  proeents  

n  oputers

  anes n  bonorts (HL)

  Reserh  nto etbol  pthwys (HL)

91

101

Sentsts use theores to  epln  nturl  phenoen   Hyrogen bons n  wters propertes

  Energy  fow n  the  length  o oo  hns

  Nturl  seleton  n  ntbot resstne

1819

57

66

Theores re  regre  s unertn  n  ust be teste   cel ls only  oe ro pre-estng el ls 13

Theores tht re oun  to  be lse  re  reple  wth   

other theores

  dsondnel l   oel  or ebrne struture

  vtl s lse  by  synthess o ure  

  Relsston  o the  gwort ly

  Hreys soery  o the rulton  o bloo

8

17

70

74

Unerstnng o phenoen soetes hnges  

rl ly   ths s   prg sht

  cheososs n  aTP prouton  (HL)

  Poll ntors n  eosyste onserton  (HL)

104

119

moels re use  s representtons o the  rel  worl   

n  help us to  unerstn  t or test theores bout t

  moels o ebrne struture

  crk n  Wtsons oel  o dNa struture

  dlyss tubng s   oel  o the gut wl l

  Sple oels o yle trnsport (HL)

89

28

73

115

Sentsts look or ptterns n  trens n  then  look or 

 srepnes tht ont t

  Eeptons to the el l  theory

  Non-stnr no s n  protens

  Plnts n  lge tht re not utotroph

  Penttyl  l bs n  ertebrtes

  Enronentl  eets on  epgenet tors (HL)

  Non-menel n  rtos n  gene l nkge (HL)

  chroosoe nubers n  polyploy  (HL)

1

24

54

63

93

123124

127

Sentsts ke urte qunttte esureents   montorng cO
2
 n  ethne onentrtons 

  mesureents n  ososs eperents

6061

11

vrbles ust be ontrol le  n  eperents   vrbles n  photosynthess eperents 35

Repltes re neee  to  ensure rel bl ty   Repl tes n  enzye eperents

  menel s genet rosses wth  pe  plnts

27

42
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Sentsts ooperte nd  ol lborte  wth  eh  other   Use o the bnol  syste or nng spees

  multdspl nry  reserh   eory  nd  lernng

67

154

Reserh  hs ethl  pl tons   Eths o ste el l  reserh

  Use o nvertebrtes n  resproeters

  Jenners testng o sl lpox vne (HL)

3

33

131

Sentsts ust blne the rsks nd  benefts o ther  

reserh

  Genetl ly  odfed  rops nd  l vestok

  lorey  nd  chns testng o penl l n

  contreptve p l ls nd  le ert l ty  (HL)

51,  160,  163

77

142

cls de n  the ed  should  be tested  sentfl ly   Helth  ls bout l pds n  the  det 

  clte hnge nd  hun tvtes
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Advice for Internal  Assessment ( IA)

ia  A ( iA)  ak up 20%  h ak ha 

 yu ga   iB  Bgy.  Yu ah w   gu  yu  

hugh h pu a  w   a yu wk ag   

 a.  i  hy  a   gu   hah,  h  

ay  b hag  by  a  xa  a,    yu      ak 

 a a a pb  ha yu   hgh  .  

 ia  A yu  ay  u a   ga  

a  w  a  612 pag p   .  th  ak    h a  

ah  qu.  Yu  hu  h a  qu  ha yu  a 

guy    ,  bu a  ha  uab   ga  

by  g xp.  iB  gua a w aaba 

ga a  h  u  ua  ,  bu h 

gua g h au ha yu  a g xpa  

wk.  Hua au pb   xp,  pa y  wh  

h    aab,       b  yu ah  qu  

   h p.  th iB  ha  ha  u  aa  

xp a  ahugh hy     ba  ug aa,  

hy  phb pu ha au ufg   aa.  

exp wh  pa,  baa  a  ug  a   ky    

a ha  .

Criterion  1  Personal  engagement (8%)
  shw ha yu  ha p a  bg     

h ah  qu.

  shw ha yu ga    a ay   yu w 

a a pb  a  h ah  qu,  xpa  

g  a  pa   u a  a   p   

wh whu a.

Criterion  2  Exploration  (25%)
  db h  bgy  ag   yu ga   ha    

a why  yu  wa   ak yu ah  qu.

  sa  h  ah  qu  ay.  i  hu  b u  

ah ha  ba,    yu  a  ba  ugh xpa  

   p g u.

  expa  hw yu  g  a  p  yu xpa  

pu,  ug p ay  a,  hw yu  w   u 

ha h aa    ab  a  ha h  ugh    p 

g  a   h ah  qu.  

  iu a  k a  h  xpa  h u  

a  a  au  a  a  ha  a.  

Criterion  3  Analysis (25%)
  P a   h  aw aa  ga    yu xp 

  ppy  u  u ab.  iu a  u      

  xpa  wha aa   hw   ah  ab.  th  ha  

u hu  hw h f   h p 

aab.  th h u a  h  u  h 

p aab.  A   w a  u hu  ha 

hag.  U hu  b wh  h  hag,   wh  h 

ub   h by   h ab.  U  si  u.  th 

ub  a  pa hu  b    a  u 

a  apppa   h p   h appaau u.  A 

au  h  au uay  hu  b g  wh  

h u   h u hag.  th  uua y  pu  u 

h a      h aug ,   xap 

0.1  3  wh  a  1  3  yg.  ma u hu  b   

h gh ha  u a  hu   u  a  

pa ha  ua  u.

  eu ha yu  ha ugh  aw aa    p  

 ay  aa   a   a   a  a   u 

  yu ah  qu.

  Aay yu aa  by  auag a u a  a  au 

 h aa    h pa,  uh  a a  aa  a. i  

pb,  ay  u a  aa  hyph ,    yu  kw 

h ga    f   h aa.  th  u 

b apppa  yu aa   hk auy  h  

u whh  h  yu     u  a .  

  mak  a wha h f  au uay   

  yu aay.

  P gaph   pay  h aa.  iu a  a .  

P a u wh  yu au  aa.  J  a 

wh  agh   a     xapa wh  a    by  

h    a aa  p.  A   u a  w ag gaph 

ah ha  ay  y  .  

Criterion  4 Evaluation  (25%)
  expa    a   yu u   h ah  qu,  

ba    yu aa  a  aay   .

  cpa yu u wh  pub h  ah   wh  

h  ga   u ag bg abu 

yu ah  qu.  d yu u    h 

u  a hy  uxp?

  A h gh a  wak  a   ap   

yu ga,  pa y  a   h pb  u  

   yu aa  a  h   ab  y   h xpa   

h u.

  du ugg  pg a  xg yu 

ga,   xap by  g  a   f p 

hw h  a ,   by  gag a   f 

p aab.  th ugg u b a   

a  a.  

Criterion  5  Communication  (17%)  
  mak u ha h  p  yu ga  ha yu  ha  

    yu ah  a  p  a ay   

a pb.  

  d h p up    wh  uab  hag.  

c uug h p   h :   

1 .  dpg h  ah  qu  2.  mh 3 .  ru 

a  aay 4.  cu  5.  eaua.

  Kp h p  by   ug ay  aa  ha 

 a   h ah  qu.  Yu p hu  b 

bw 6  a  12  pag g.  i     g ha  h yu 

ak  ua  w   b  u.

  chk   a  ak u ha a   bga  gy  

 .  

  i  yu  u a  aa   ah u   yu p,  

yu  u ak h a.  iu a  ub     uh 

u a h     yu p a  wh   

h u ha b  u    h  p,  pu a  ub  

.  th h   g   a,   

a g a yu    a  hby  a yu  

aa hy.
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Makg p   a h    m mak a dcad  

h  m-cl.  Alav a a dcad  h  

a  ad  lah.  wd   pah (back)  a  

al  b hlp    xpla  a  a.  

tpc 1  Cl l  blgy
1.  (a)  X =  rgh  er,  Y =  mchd  

 (b)  magca  =  z  mag/z  pcm;   

18,000 m/2 m =    9,000;

 (c)  (kayc)  bca cl p;  bca 

mchda/mmba-bd  gal l  p;

 (d)  AtP (by  mchda) ;  p (by  gh  er) ;

 (e)  amal/ pla cl l  a glycg/ ach  d;  l v/

mcl  cl l  a h cl l  glycg;

2.  (a)  ma chag a -2.4g ad  +0.6g;  % ma chag =   

ma chag/al  ma   100%;  % ma chag a 

-10%,  +3% ad  +15%;

 (b)  x ax (hzal)  lgd   Cca   c 

(ml  dm- 3 )  ad  y  ax lgd   Pcag ma 

chag;  bh  cal a vly  pacd  ad   m 

ha  hal  h gaph  pap;  a l l  p a  pld    

h  0.5mm  h  cc p;  daa  p a 

jd  by  ld  agh l   a  l   b ;

 (c)  ( i)  0 .36 ml l oml p l   (+/-  0 .1)  ( ii)    ma 

chag a h p    m;   m hav 

am mlay  a h  c l;  

3.  (a)  cl;  vcl;  Glg  appaa;

 (b)  phphl pd  b lay;  p   h d;

 (c)  z-ac  pl  mmba   h mddl   h 

phphl pd  b lay;  lmp a vbl    h  mddl   

h b lay;  h  lmp a ammba p;

 (d)  p    cl l  yp makd  h  d cl;  

h h cl l  h  cl mx apdly;  p 

  h mmba m b     mv;  mmba 

p hav hydphbc pa   m b mbddd  

  h phphl pd  b lay;

4. (a)  i  mapha,  i i  aapha,  i i i  ppha,  iV lpha 

 (b)  mc dx =  mb  cl l   m/al  mb 

 cl l;    5  _____
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  ;  =  0 .12  (+/-  0 .05) ;

 (c)  DnA pl ca;  d v   mchda/chlpla.

tpc 2  Mlcla blgy
1.  C  2.  A  3.  D   4.  C  5.  B  

6.  (a)  ( i)  DnA ( ii)  DnA ( iii)  rnA

 (b)  xpmal   

 (c)  ( i)  DnA  dbl add;  A pa h  t ad  C pa 

h  G;   ba   ach  pa   h  A  G,     

A +  G  =  50%;  ( ii)  ay    A =  t;  C =  G;  C +  G  =  50%;   

A +  G/C +  G  =  1 .00  

 (d)  ( i)  fza  v ( ii)  rnA ca acl  ad   

hym;  gl  add   am  G  ad  C  

al .

7.  (a)  ( i)  Co
2
 cca  al l   h l gh ad     

h dak;   ( ii)  Co
2
 cca  al l h    am 

ad   h     cl;

 (b)  Co
2
 cca   m clly  lad    l gh 

y;  h h  a  mpay  dak pd  

dg h hd  day  b  ay am pH  dp   Co
2
 

cca  ;  

 (c)  ( i)  pa;  pdcg Co
2
;  ( ii)  phyh;  

cag Co
2
 pak;

8.  (a)  ( i)  mpa   ( ii)  m ak  al l  ach    b 

dgd

 (b)  pH;  ach  cca/amyla cca   

  al va;

 (c)  b   chck l abl y  by  pag ach mpa;  

20  C   60  C  a  b ag ha  20  C   40  C;  h gh 

mpa cld  b d    h daa;

 (d)  ach

 (e)  ach    mal;  amyla h v h a;

 ( f)  ( i)  mpa    x ax ad  m ak    h y  ax;   

u  hapd  cv;  mmm m a 40/50 C;  

( ii)  xpal   m l mpa pad   a  

maxmm (a 4050 C) ;  p dp   z abv h 

maxmm.

tpc 3  Gc
1. (a)  t2  phag, E.  coli,  D.  melanogaster,  H.  sapiens,  P.  japonica 

(4 mak m 1  p cc placg) ;

 (b)  P.  equorum ,  O.  sativa,  H.  sapiens,  P.  troglodytes,  C.  

familiaris;  

 (c)  ( i)  d pld;     chmm;   

( ii)  -djc/my/D ydm

 (d)  pv cla  b cmplxy  ad  gm 

z;  b xcp ch  a Paris  lag ha  Homo ;    

cla lahp b chmm mb ad  

cmplxy;  Pan  ad  Canis   m cmplx ha  Homo  

b hav m chmm.  

2.  (a)  i   lpha;  i i   ppha;  i i i   aapha;   

iV cd  ppha/cd  mapha;  V  

mapha;  

 (b)   ppha h  pa  hmlg chmm;  

d  cla mmba;   mapha h  

chmm pa   h a;  h  mcbl 

m ach pl  aachd    pp  d  h 

cm;   aapha h  chmm  

 chmad bg pl ld    pp  pl by  

mcbl;  h  pa  hmlg chmm 

mvg   pp  pl;   lpha h  

chmm d a  cla mmba;  h   

cl  d  cl l ;  cd  ppha/mapha 

h  pad  chmm   chmad;  d 

a  cla mmba (ppha) /al gd    h a 

(mapha) ;

3.  (a)  o  gp dvdal  m b gyp    bca    d 

  a  cv al ll;  B  gp dvdal    ga  

2  m b i B   bca h pa ha a bld  gp 

A cld   hav pad    i B ;  B  gp dvdal    

ga  3  m hav b i B   bca h o  gp 

pa m hav pad     ;
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 (b)  pa cld  hav b gp o;  pa cld  hav 

b  gp A h  gyp i A ;  pa cld  hav b  

gp B  h  gyp i B   (gyp cld  hav b   

       ,  i A    i A ,  i B     i B   ad  i A    i B )

 (c)  paal  gyp bh  h a i A  i B ;  gam m 

bh  pa h a i A  ad  i B ;   gyp ad  

phyp h ccly   a  P gd  a i Ai A  

gp A,    i A  i B  gp AB ad  a i B i B  gp B;  a   1  

gp A :  2  gp AB :  1  gp B;  

4. (a)  cl

 (b)  cl mvd  m a  cl l    a  adl gam; 

cl mvd  m a  gg cl l  ad  placd  h  h 

cl m h adl amal

 (c)  ( i)  agm had  mvd  d; lag agm a 

a h p ad  mv m lly;  (ii)  cl cl l 

hav h am pl a dd cl l a hy  hav h 

am pa   bad;  Dl ly  bld  cl l hav h  am 

pl a h  dd/cl cl l a hy  hav h am 

pa   bad;  Dl ly  a cld  m h dd cl l;  

hp 112 a gcal ly  d ;

 (d)  pay  ;  c vga;

5.  (a) ( i)  chmm m a  bval hld  mv   

pp  pl   aapha 1 ;  bh  chmm   h 

bval mv   h  am pl   hy  al    pl ;   

cl l  m m i  ha   h  pa  chmm 

ad  h h ha ;  ( ii)   chmad  bcm 

paad  m a  bval;  h paad  chmm 

may  mv   h  am pl  a h  ac chmm 

  chmad   h  bval;  cm hld  

d vd   m i i ;

 (b)  al  pcag a 16.4  2534, 28%  3539 

ad  42.3%  4045;  pv  cla/chac  

-djc  ca a maal  ag ca/

hyph ppd;  d   bval al g   pl ;  

  cla d   pma cm dv;  

cdc lvl/acal  gcac /ampl 

z /adad  dva  /adad   d    b 

cdd.

tpc 4 eclgy
1.  D   2.  A  3.  B   4.  C  5.  B

6.  (a)  i  =  cday  cm i i  =  pmay  cm i i i  =   

pdc

 (b)  chmcal  gy

 (c)  a m h     bx i i i

 (d)  ay   :  a p gy  l;  ha 

pdcd  bca gy  ama a v 

100% fc;  gy   pad  alg h d  cha  

  ah gam; gy  lad  by  pa;

7.  (a)  mha ca a  ca   h eah mpa  

by  h gh c;  mpa ca a a  

l  a  ca   amphc mha;  mha 

m   h amph m b  ga ha  

l

 (b)  mha m   a  aal  pc,   xampl  

amp ad  mah;  hma ca mha 

m,   xampl cal  bg/cal  ad  hp/

c padd;  m m a cad  by  hma/

hma hav cad  m cdably

 (c)  ay  h :  da  amp ad  mah;  dc cal  

ad  hp amg;  p gg c   padd;  cl  

la  aal  ga;  dc bg  cal ;  pv 

 /bg  bma.

8.  (a)  7ppm (+/-  1 )

 (b)  Co
2
 al l d   phyh;  phyh 

xcd pa    mm;  pa  xcd 

phyh   ;  May    ocb a mm   

nh  hmph;

 (c)  ( i)  395316;  =  79ppm; ( ii)  370    390 =  ca 

 200  ppm; 200/10 =  2  ppm p ya ca;  

( iii)  cca    2100 l l  b  390 +  (2    90)  =  

570ppm;

 (d)  Co
2
 m d   hma acv;  cmb  

 l  l;   ;  daag  lad ad  

dcmp   pa;  

9.  (a)  al a 4.32  ad  2.88;  d vd al  by  5;  ma a 

0.58 (cl) ;  ad  0.86 (ad) ;

 (b)  ma  hgh  ad  mcm; l h 

l a  cl /mla cmpa   ak d;  

b hgh l (1 .89)   a  cl ;  cdg 

ha h p  jd  l   0.14 h l may  b  

amal;  l a vy  vaabl  dcg h 

gh   h vdc;

 (c)  d c b h ma    mal l ;    la  

  h vaabl y  h  h cl  l ad  h  h  

Co
2
 am l;   ac     h ccal  

g;     ca jc h hyph ha h   

 dc b  h ma;  a h 5% gcac 

lvl ;  vdc  h am havg a  c ha  

b h; h may  b a  c b h  k  h  

 bg    ga;

 (d)  calcm caba  dlv;  -bldg cal 

ca dp calcm caba;  cal   

had/l;  l  haba  h pc;  l  

pcv  cl   lad;  ml lc abl    mak 

hl l;  d p    d  cha.

tpc 5  evl  ad  bdvy
1.  C  2.  D   3.  C  4.  B   5.  B

6.  (a)  ml lca

 (b)  cdaa

 (c)  chdaa

 (d)  pa  

 (e)  al da

7.  (a) ( i)  dma  ( ii)  Achaa  ad  ebaca;

 (b)   l vg;  d   cay   ay   h  c  l / 

mla gh    l vg gam;

 (c)  kgdm; phylm; cla;  d;  amly;  g;  pc;

 (d)  adapv ada;

 (e)   l;   xc pc/ pc h  d 

chaacc;

8.  (a)  ca   al l  h pc b 1999  ad  2010;  

mal l ca   Enterobacter;  lag ca   

Klebsiella;    ca m 2009    2010;

 (b)  ma;  a  a  g m ah yp  

bacm;
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 (c)  aal  lc;  -a baca  a kl ld   

abc  d;  a baca  dvd ad  pa   

h ac g;  

 (d)  pcag  a c l l  ca;  

fl l l  bcm cv  a   

l l  val ly  dp;  

9.  (a)  ( i)  2  ( ii)  7  ( iii)  9  ( iv)  6  (v)  9  (vi)  7

 (b)  cladgam h   pc;   pl  b  abb 

ad  h h pc;  cd  pl  b lm 

ad  h  pc;  al  pl  b  hma ad  

ag-a;

 (c)  abb    gp ad  h h h pc   a  

d  gp;  ag-a ad  hma m clly  

lad    ach  h ha    lm.

tpc 6  Hma phylgy
1.  (a)  -90;  mV;

 (b)  bh   ply;  bh  h  dp;  bh  d  p lvl ;  

ac  pal  k mch  lg   cadac mycy;

 (c)   m -90mV   +30mV  dplaza;  dp m 

+30mV   -90mV  plaza;  

 (d)  5  m (+/-  3  m)    ;  340 m (+/-30)    cadac 

mcl;

 (e)    plaz ckly    al l ah mpl 

 a;    c  mpl a b;  cadac 

mcl  plaz lly   cac  la lg;    

al l m  pmpg  bld;

2.  (a)  i   a  ay;  hck al l  ad  a lm;  iV a v;  

h  al l  ad  d lm;

 (b)  dal  v cd/pal  cd;

 (c)  l v

 (d)  cal  mcl;  lcad  b  b;

 (e)  lgdal  mcl;  ccla mcl;  mca;  

phl m;

 (f)  mach;  am lay a phag b lag:

3.  (a)  i  =  acha; i i  =  bchl/bchal  ; i i i  =  bch;

 (b)  maa cca  gad  xyg ad  Co
2
 

b a   alvl   ad  bld;   apd  d/

ga xchag

 (c)  a lvl al l  cg  gl  lay  vy  h  cl l;  

typ i  ad  typ i i  pmcy d ghd;  bld  

capl la adjac   alvl;  capl lay  al l  cg 

 a  h  lay  vy  h  cl l;  m l g  alvl;  

bchl  ccd    alvl;  d am  alvl 

dcad;  

4.  (a)  tabl h  /clm  ad ad ad;  

abl h  /clm  alv ad dad;  alv 

ad, z dad ad; z alv ad;  dad  

ad; all  xpcd c a 2;

 (b)  (bvd  cy  m h xpcd  cy)  

ad  ad  h  dvdd  by  h xpcd  cy;  

m  h val  ach   h  gp;   

(4-2) 2/2;  ch-ad  =  2    4 =  8 ;

 (c)  ccal  val h  5% gcac  3 .84;  ccal  val  

h  1% gcac  6.635;

 (d)  h  vdc  a  aca  b  

am h  pcl l   ad  vval ;  a bh  5% ad  1% 

gcac lvl;

 (e)  5  mc dd    ach    gp;  al   20  mc 

dd;

 ( f)   gh pcl l   ava labl    a m mc;  

hcal  cc ab k l l g m mc h  

Streptococcus;  

5. (a)  abbd  a pa  a  dpl  l pd; dcy/  

pcy;

 (b)  acl ad  d;  m a  hgh cca    h 

lm  h mal l     a  l cca  

  phl m cl l;  acv  ap;  m a  l   a  

hgh cca/aga h cca  gad;  

g gy  m AtP;

 (c)  abp   by  acv  ap;  a  pak 

l md  by  zc cca  a l cca;  

pmp p k a a  maxmm a a hgh 

cca;  a  pak ld  c     

h  d.

tpc 7  nclc acd
1.  A  2.  A  3.  C  4.  D

5.  (a)  ( i)  h ( ii)  h gm a pl cad;    h 

laggg ad;  ( iii)  okazak  agm;

 ( b)  ( i)  60    ha mch  lag pak a 0 .5cm;  120    ha 

mch  lag pak a 2cm;  120    ha m  DnA/

adacvy  a a l l  d ac m 1    3 .5;   

( ii)    h  cd  60    pd   h  120    l 

DnA plyma  c   add  m  ba   h 

ladg ad;  DnA l ga  l k p  okazak  agm 

  h  laggg ad;  

6. (a)  glbla

 (b)  mb ad  c  am acd 

 (c)  ( i)  X   a lpha  hl x ad  Y  a  ba-plad  h  

( ii)  hydg  bdg

 (d)  ay   :  ay  c dm h zym 

hap;  dm h acv  hap;  mak h 

zym ba-pcc;  hap  ha h  

h ba bd    d d/dcd  

 (e)  ma;  m ma a dl;  cac 

cad  by  ma;

 ( f)  mhyla  blck acp/g xp;  

pa  mhyla  ca  b pad    m pa 

cl l    dagh cl l ;  

7. (a)  ( i)  acd;  c  c  h ba;  

d  c cdg  d  am acd;   

( ii)  p h am acd   aachd;  pp d  

m acd;  am c   al l  rnA;

 (b)  rnA  pdcd  by  acp;  rnA  d    

ala;

 (c)  d c al l rnA acvag p   cg 

a  pcc rnA;  ad  aach  h cc am acd;  

mla al l rnA   bd    h am rnA bdg 

   bm. 
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tpc 8  Mabl m, pa  
ad  phyh
1.  (a)  ( i)  h gh ha  40 C;  al  a a a;  h  ac  

ppd  d   daa  ( ii)  l mpa ha  

40 C bca h a  l;  30  C bca h a 

 hal ha a 40  C

 (b)  ( i)  cv da bl cv w;  mla hap   cv w;  

( ii)  cv da abv cv w;   achg a l a  

ba cca  by  h d;  

2.  (a)  ach  vlm  xyg dvdd  by  5;   h a 

vlm  xyg  p m;  a    m ha   

dcmal  plac;   C  a a 0.0,  1 .5,  2.1 ,  2.3,  2 .4,  2 .4;  

l h  C  a  0.0,  0.8,  1 .1 ,  1 .3,  1 .3,  1 .3 ;

 (b)  abl  l   gaph;  cca    x ax ad  

a   y  (vcal)  ax;  lgd   h ax a 

cca   hydg pxd ad  a   

pdc   xyg;     h  ax h a % 

ad  ml  m- 1/ml  p m;  p pld   ba  

h yp  gaph;  a l l  p ccly  pld;  p 

jd  h  agh l  /l   b  da h   

xapla;  

 (c)  cpp  a  a  hb  h  zym caala;  

bca h a   l h  hy  a p;  -

cmpv hb;  bca h a   l v  a 

hgh  ba cca;  

3.  (a)  xdav phphyla  ad  phphphyla  

 (b)  ba   p  mvm;  a l l a  p  gad   

dvlp;  lca   AtP yha;

 (c)  p lama mmba;

4. (a)  Ay   :  dbl mmba;  ca/ldg   

 mmba;  vd  hap;

 (b)  dbl  mmba h;  mmba h 

ldd      m a  ca  

 (c)  ( i)  labl  dcag h max ( ii)  labl  dcag 

h  mmba/ca ( iii)  labl  dcag h 

cyplam d h  mchda.

5.  (a)  pak   h d  ad  bl c  h pcm; 

mmm   h  g  c  a ab  hd    hal 

 maxmal  a

 (b)  ac  ad  abp  pca  a clly  clad;  

bca pgm abb h l gh gy  d    

phyh;  h m l gh abbd  a a  avlgh  

h m phyh.

tpc 9  Pla blgy
1.  B   2.  D

3. (a)  hck axy ccl; dc apa;

 (b)  palad mphyll;

 (c)  ccl;  a ag;    ca  pd  dgh

 (d)  l apa  a;  l d   a ap;

 (e)  maal  ap ca  b a;  gh Co
2
 l l   l l  

d    h la;  l l  a vap hgh 

a maa;

 ( f)  ( i)  h hgh h aly  h l h dy   maa;   

( ii)  al y  mak a pak m dcl;  m 

d   a cva  a hgh al ;

4. (a)  m;  cl l  d v;

 (b)  ( i)  ax  fx pmp;    h plama mmba  h 

apx cl l;  a  d   h cl l ;  dc cca  

  h cl l  ad  ca    a  adjac cl l ;  ( ii)  ca 

m gh     d   h m ha  h h;  

ca h m   bd;  p   bgh l gh   

 d;  h bd ad ha d;  phpm; 

5.  (a)  2 .7/3  =  0 .9  g h- 1 ;  2 .61/3  =  0 .87  g h- 1 ;  

 (b)  a pa hgh m-pmabl mmba   

bag   l;  by  m;  cag h p   h 

bag;  p  h  l   h bag   h gh;  d  

mv hgh h b m h l bag   h gh bag;

 (c)  ( i)  phlm ( ii)  h gh  c cca  ca 

m   bh;  hgh  p d   m   bh;  

  d  d   a  p gad   bh;  l d 

 l k  h c   phlm ad  gh d  l k h k;

6.  (a)  i  ah/am;  i i  gma;  i i i  yl;  iV pal ;  V vay;   

Vi  vl;

 (b)  amal  pl l a h ;  ap pl l b  

ah ad  gma;  amal   pl l  a d;  ad/  

pla ppl  ca;

 (c)  pl l   dpd    gma (m ah ) ;    

mal gam;     l za;  

 (d)  chag   g xp    h h apx; d  

g  makg lav/m ad  ;  m 

ml gg h chag;  ggd  by  lg gh   

h-day  pla;   by  h gh   lg-day  pla;

 (e)  adcl/mby ;  plml/mby h;  cyld.

tpc 10  Gc ad  vl
1.  (a)  pp  aapha i i ;  l  aapha i ;

 (b)  pp pdc hapld  cl l;  l al pdc 

hapld  cl l;  

2.  (a)  ;  ppha;

 (b)  ( i)   chmad ( ii)  v chamaa;

 (c)  bakag  chmad;  jg  - 

chmad;  xchag  maal  b  chmad;

3.  (a)  plygc

 (b)  AaBb;  bl-d

 (c)  a l l  gam h h   al ll   ach  g ly;  

 hmzyg gyp h AABB AAbb aaBB 

ad  aabb;   dbl hzyg gyp 

h AaBb;  gh h gyp h AABb  AAbB  

aaBb  aabB  AaBB  aABB  Aabb ad  aAbb;  al l  x 

phyp dcad

 (d)  9  bl 3  d  ad  4 h 

 (e)  g A cv h   d  ad  g B  cv d  

  bl;

4. (a)  d hybd

 (b)  b lack bdy  lg g;  gy  bdy  vgal  g

 (c)  ( i)  1 :1 :1 :1 ;  gy-bdd  lg-gd  :  gy-bdd  

vgal-gd  :  black-bdd  vgal-gd  

:  black-bdd  lg-gd  ;  ( ii)  G   gy  bdy  

al ll  ad  g  black bdy  al ll;  w  lg g ad  

  vgal  g ( h abl  ymbl) ;  g 

a l kd/d    h  am chmm; paal  
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cmba a kp gh;  l h  a  c-

v b h g;  gy-bdd  lg-gd  pa 

gyp  G  w g ;   cd  h  g  g ;  -

cmba a G  w g  ad  g  g ;  cmba a  

G   g  ad  g w g ;

5.  (a)       Adama;  m i    navaj;  /  

i B    navaj;  m i B    Kalmyk;  i A  a lm al    navaj   

ad  Kalmyk (27% ad  28.5%) ;  m i A    Adama;  

 (b)  aal  lc  av d bld  gp   

d  vm;  dg ppla had  

d  c;

 (c)  mmga   ppl  h  d  c;  

d al  vval  ad  pdc  d  bld  

gp;

 (d)  g pl ;

6.  (a)  p la h  16 chmm  d pld;  pla h   

32  chmm  apld/plypldy;  h pla h   

24 chmm  a  pld  hybd;  m al   

pld bca h chmm ca pa;  

pld a  l;

 (b)  ggaphcal ;  bhaval ;  mpal ;

 (c)  ca  bd;  b d  pdc  l  pg;  b 

hav mla chaacc   had   dgh  a 

paa pc;  hav d chmm mb 

ad  a  pc  xpcd    hav  chaacc 

mb.

tpc 11  Amal  phylgy
1.  (a)  490  (+/-5)

 (b)  mb  ca dp l ha   a b h  

vacca  a;  ad  ma l;  ay bl 

20 ca;  p dp h   ma vacca  

ch ld;  dp l ach  ya;

 (c)  ag   h vacc mla lymphcy;  t 

lymphcy acva  B  lymphcy;  acvad  B  cl l 

mlply    m a  cl  plama cl l;  plama cl l 

c  abd;  acvad  B  cl l pdc mmy  

cl l;

 (d)  ( i)  b h mla pdc   mmy  

cl l;  a/ga pdc   abd;  ( ii)  m 

ch ld  may  m h vacca     ya;  bab 

b  ha hav  y b vaccad;

 (e)  pl    l mad  glbal ly  y;  dag  pad   

pl   back   Bazl  by  avl ;

2.  (a)  my

 (b)  ac;

 (c)  i  ay h  am lgh;  i i  bcm h;  ( ii)  i  ay 

h am lgh;  i i  bcm lg;

 (d)  acm h m  labl ld  Z l    ah;  

ac  lam aachd    ach  Z l ;  gap b 

ac  lam chg m  Z l  ad  h 

chg m h h;  my  lam b 

ac  lam;  ac  ad  my  lam vlap a 

h mybl    paly  cacd;  

3.  (a)  i  hm;  i i  ad;  i i i   la

 (b)  ( i)  cp aachd    hm;  ad   la;  bcp 

aachd    hm;  ad  ad;  ( ii)  bcp cacd;  

cp laxd;  bca h am  fxd  a h lb; 

4. (a)  ( i)  ahpda;  jd  lg/appdag;  xkl;  

gmd  bdy;  ( ii)  amal  kgdm; ahpd a  

amal;

 (b)  xkl;  j b c  lg;  mcl 

aachd    d  xkl;  fx ad  x/

aagc mcl;  mcl c j;

 (c)  Malpgha  bl;  abb amma;  cv amma  

  c acd;  c acd  dchagd    hdg;  pa 

 h  c;   abbd  m c;  a 

abbd  by  m;    achv mgla;  

5.  (a)  i  cx;  i i  mdl la;

 (b)  ( i)  V,  Vi ,  iV,  Vi i ,  i i i  (2  mak m 1  p ) ;  

( ii)  Bma capl;  cl lc la  m h 

glml;  pxmal  cvld  bl;  lcvly  

abb l  bac;  lp  Hl;  maa 

hypc cd   h mdl la;  d al  cvld  

bl;  gla a//pH  cca   bld;  

cl lcg dc;  mgla  by  abbg vaabl  

am  a;  

 (c)  ADH;

6.  (a)  bh  vlv m;  ad  cl l  gh;  ad   dv  

m;  ad  da;  bh  l   pdc  

hapld  gam;

 (b)  m mal  gam pdcd  ha  mal gam;  

 p m v  p m;  cyplam 

l mad  m mal gam b ca   mal 

gam;

 (c)  ccal  gal xpl  c a  pm ha 

d  h cy;  za  pl lcda  cvd    

mpabl  l za  mmba;

 (d)  aly  ag mby d   gg cyplam/ylk;  

blacy mpla    al l ;   d 

  mby m mh bld;  placa  dvlp 

  ca a    a mby g lag;  

 pa m maal    al  bld  a hy  f 

cl gh;

 (e)  hCG pdcd  by  mby;  mla vay    c 

pg ( ab 12  k) ;  placa  ak v 

m vay.  

op  A nblgy  ad  bhav
1.  (a)  i  cbal  hmph;  i i  cbl lm; i i i  mdl la  

blgaa;  iV vba;  V pal  cd;

 (b)  i   hgh d c;  vlay  mcl cl/

h hgh c;  i i   cl   mcla 

cda  mvm;  balac;  i i i   amac/

hmac c;  al lg/h xampl;

 (c)  la;  ldg  cdm;   m h al  

b;

 (d)  phcp;  d;  c;

 (e)  l/apy;  amal  xpm;  Mri ;

2. (a)  m c ha  d   h va; m d ha c 

vyh l;  d m vly  dbd; maxmm 

dy   c  hgh ha d;

 (b)  d a m v   l gh ha  c;    a m 

l    d m l gh ha  c;   yp  d  b h 

yp  c v   d avlgh;  c 

gv cl v  b d gv ly  mchm;
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 (c)  bh  d  mpl   bpla cl l;  hch  pa 

mpl   gagl   cl l;  mpl m val  d 

pad  hgh  am gagl   cl l  b ly  m  

c cl l ;  

3.  (a)  ( i)  vhcl a   h gh d  h val  ld;    

a pcd    h l val  cx;  ( ii)  d  

vhcl a  cvd  by  bh  a b l l  b  ld   

h gh a;  d m gh a pcd  by  gh 

cbal  hmph;

 (b)  dcd  by  ha cl l   mccla caal;  ha mv 

h  caal/had  b d  d   ma   l l     

pa ha;

 (c)  lacy  cp   ;  cp dc mll m 

h gabag   da cp   cl l  mmba/cl a;

 (d)  mcph pck p d;  pch  pc l 

 c abv  bl h  pch;  

xal  am pa gal   al  cv;  

mla cv gal m cv   lccal  

mpl;  lcd pa mpl d cly    ady  

v;  

4. (a)  al  ad   lag;  pa cdg;  

 (b)  ( i)  cm;  cag h a   pa a  

bhav;  ( ii)  pa p;  cad   by  h a 

  g h d  ad;

 (c)  gv h a a  d  ad;  h   p h lv;    

p   a  ml;   xampl a  d  l gh/g  

l gh/d  m h ldpak;    ad   h  a 

p h lv a h m;  a la   aca  

a  ml h  pg h lv ad  gg a  d  

ad;  pa   ca l abl y;  

5.  (a)  ca b mad  bjcvly  by  h xpm;  

bjcv c may   b pd  accaly;  may  

b acd  by  ac h ha  h dg;

 (b)  pv md;  cad  xv;  cad  l-

cdc;  ald  pcp;  mal  xca;

 (c)  calpam dcd  h bjcv  c  MDMA; 

calpam pccal ly  hb   -pak/

  la;  ka  dcd  MDMA-dcd  

pcpal  chag/mal  xcm ;  ka  

bd /blck   cp;  halpdl  dcd  

MDMA-dcd  pv md;  halpdl  bd   

dpam cp;

6.  (a)  amal  bhav;    aal  cd;

 (b)  ( i)  ca  b h;  mga  by  blackcap  gc;  

dg   cam   mlk bl   bl   lad;   

( ii)  lad  bhav pa  pad  m apdly;  

dg   cam pad  vy  apdly  ac ep;

 (c)  mal gv  bh  a h  am m;  mal laca  a 

h am m;  mal ca  ckl ach  h cb;  

mal cb a ady    lav h pd a h am 

m;  ca  m a  gp  mal;  hav m cc   

cmpg  dmac  ah pd;  ca  dd  

ah pd  m cvly  a a  gp;  

op  B  Bchlgy  ad  

bmac
1.  (a)  ag/ly;  ma;  cp a;

 (b)  aabc/ xyg;  am; may  mhagc 

baca/achaa;  

 (c)  bga mg m i i ;  ca mha;  bd    

ga ha/lccy;  ly/cmp/dcmpd  

gac ma/hm mvd  m i i i ;  d  a a  

 l z/l  cd;

 (d)  pv mha capg   h amph;  

dc h d    b  l  l;  avd ma 

g v/ac;

2.  (a)  ( i)  Magca  =  15  mm/10mm; =  x 1 ,500;  

( ii)  d am  baca    mag =  2 .02.5  mm;  

acal  z =  1 .331.66 mm;

 (b)  m g;   ppla  dy   hgh  gh 

baca  cpa   m a  blm; plyacchad  

pdcd;  gl cl l gh ad    h ac;

 (c)  ca  ca c   h pa;  d fcl   mv;

 (d)  a l l  dc h hck  h blm cmpad    

h pv cl ;    hm mv h blm 

cmplly;  al   h m cv;  a l l  dc 

h blm m ha  h h baca  a kl ld  h  

hal ;

 (e)  a l l hck  h blm   b mad;  h   

ga pc/ckly;  

3.  (a)  i  bacal  DnA;  i i  Agrobacterium  (tumefaciens)   

cl l/al l ;  i i i  yba mchd;  iV yba 

chlpla;  V cl/cla mmba;  Vi  yba 

cl l/al l ;  

 (b)  ( i)  glypha ac g;  kaamyc  ac 

g;  (ii)  a l l glypha  b payd  gg 

yba cp; kl l  d b  h cp; dc d  

 plg/h hbcd;  kaamyc kl l pla cll;  

ac g kl l al l  cll ha hav  cvd  DnA 

m h plamd/hav  b amd;

 (c)  yba cl l g    cl/   aga 

gl ;  plal da m h ;  plal 

xcd  ad  g ;  d  GM  vay  pdcd;

4. (a)  eLisA;  H iV ag aachd    l l    plac pla;   

ampl placd    l l ;  H iV abdy  aachd    ag;  

cday  abdy  aachd    H iV abdy;  h  

zym aachd;  zym ha cvd  a  cll 

ba   a  cld  cmpd;

 (c)    abd bd    h  ag;  cday  abd 

d   aach   a ahd  aay;  cld  bac 

 pdcd;

5.  (a)  bh  a  d    dy  mla c;  bh  hlp 

  ag  c   ly  dcvd  c;  

BLAstp al g am acd  c   p;  BLAst 

al g cld   DnA/rnA;

 ( b)  ( i)  daaba ca    va am  ma/

c;  a l l ay  acc;  ca  b  achd    

d  m la c;  ( ii)  mdl  gam ca  b 

d    dy  g  c;  m la g   lad  

gam d    hav  m la c;  avd 

havg   d  xpm   hma;  ( ii i)  ml pl  

c  a l gm a l l ba  c   

lad  gam   b  cmpad;  a l l lad 

  b  ad;  d    cc cladgam/

phylgam;  ( iv)  d    mc;    dm  g 

c;  (v)  d   d cvy   g h  m la 

c   daaba;  a l l c  g   

b  ddcd;  
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 (c)  M.  fjiensis    m daly  lad    h  h  

pc ha  hy  a   ach  h;  M.  fjiensis  pl  

m h h  pc lg ag ha  hy  pl  

m ach h.  

op  C eclgy  ad  cva
1.  (a)  bh  cc v a  ag  dph b  al l ;  angustiolia  

xdg   dp a;  latiolia  xdg   

h a;

 (b)  -20   +80 a   l m  lac  latiolia;  -20   

+115  angustiolia ;  -20    z    bh  

pc;

 (c)  damal  ch  d ha  al zd;  cld 

dph m -20   +100 cm ha al zd  ch 

 ly  m +75   +100 cm;  angustiolia    xcldd  

m hal l dph;  by  cmp  m latiolia;

 (d)  ac

2.  (a)  baccmla;  abbd  m d  b  xcd;  

hgh cca a ach  phc lvl ;  a lba 

a p cav/la ag   d  cha;

 (b)  ( i)  pv cla;  hgh cca   mhyl  

mcy  v m;  ( ii)  la  mcy    h 

ca;  m dy;

 (c)  macplac db;  pa d  plac a m 

h ca   h yg;  

3.  (a)  ( i)  l v   a;  lag gh    b  h 

magca;  amal h   backb;  ( ii)  vay  

  h vy;  l v cly    h a;    

dca pl l  lvl v a  lg pd  ha  a  

gl  chmcal  ;  

 (b)  ( i)  (12    4)  +  (8    4)  +  (8    2)  +  (4   2 ) ;  = 104;  

d vdd  by  32;  =  3 .25;  ( ii)  a al y   xcl l;  

vy  l pl l  lvl ;  

4. (a)  gmd/s-hapd

 (b)  ( i)  xpal  b;  ca a a  a ad  a 

a;  aal  a;  ca lg d;  ( ii)  

aal y  cag b;  mal y  l;  aal y  

dcag a;  ad/ mal y  cag;

 (c)  ( i)  l  achg a  plaa  a 2000;  by  ya 8  ( ii)  ay  

h :  d  pply;  pda;  bdg ;  d a

 (d)  ( i)  ppla ld  hav achd cayg capacy  m 

ckly  (ii)  cayg capacy  ld  hav b h am;

5. (a)  alggd l a xyg-dc; dyg 

baca; cv a  g ga; yg baca  

ca cv amma  a;

 (b)  cach c;  d g c;  abb g 

cmpd m c;

 (c)     a  m  vmal  d bac;  ham m 

gam ad  hlp h;  chag h c  

h cym; ca bdvy;  Dionaea  mgh 

 vv h pdc      haba.

op  D  Hma phylgy
1. (a)  H.  pylori  mplcad a a ca  mach lc/cac;  

abd h ha h pa ha b cd h H.  

pylori;

 (b)  cdc  mach lc ad cac  hgh  pa 

h had b cd h H.  pylori; all  pa h  

mach cac had b cd h H.  pylori;  m 

pa h mach lc had  b cd  h 

m b alav ca; cla d  pv 

caa;

 (c)  H.  pylori  c h  mach;  ca amma   

h  mach al l ;  a l l mach acd/pp/pa 

  aack h mach  al l ;

 (d)  hlp hydly ac;  cl pahg   

gd  d;

2.  (a)  al   ca b  mad   h bdy  b 

-al   ca;  al   m b 

cldd    h d ;

 (b)  p  yh blckd;  h ala  ach h 

am acd;

 (c)  axa;  ava;

 (d)  yp i i  d ab;  cay  ha d a;

 (e)  lp   cd  by  adp ;  lp  ca a  

dc    app;

 ( f)  cd  daly  d ;  yp ad  am  ach  d;   

a    daaba   a gy  ad   

c;

3.  (a)  d;  h    adjac hpacy;  capl la 

ladg   d;

 (b)  yh  plama p;  a lbm/bg;

 (c)  vam  A/l/vam  D/calcl ;  ;  glc/

glycg;

 (d)  hal  cca  l   h hpac v;  d   

dxca  by  hpacy;

4. (a)  c mb  ba g qrs av/h pag 

pa  ad  mb  a,   ba ak 0.71  

cd;  84 ba p m;

 (b)  ( i)  i    P-av;  i i    qrs av;  i i i    t-av;  ( ii)  i  aal  

yl;  i i  vcla yl;  i i i  vcla d al;

 (c)  h gap b qrs av;  a ha a;  

h gap b t-av ad  P-av;

5.  i   a  ppd;  i i   a  d;

 (b)  l /glcag/ADH/lp/xyc/plac/h 

ppd;  /pg/g;

 (c)  ppd  hm bd   cp;  cp cv 

cday  mg   acv  m; gg  

cacad  ac;  d  hm  cl l ;  bd 

  cp p;  acvad  cp pm/hb 

acp   pcc g;  

6.  (a)  V
e
 ca a Co

2
 cca  ca;  ga 

ca   V
e
 h  ccv ca   Co

2
 

cca;

 (b)  ca h bld  cca;  dcd  by  

chmcp   aa/cad  ay;  mpl    

pay  c  mdl la  blgaa;

 (c)  h ca   V
e
;   l  maxmal  V

e
   achd;  al l    

bld  pH;  aal   bld  pH  dp bl 6.8;

 (d)  xc/mcl cac;

 (e)  d lvd    plama;  bd    hmglb;  cvd    

hydg  caba ;

 (f)  dc h afy   hmglb   xyg;  Bh h.
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mols o watr trasport 115

molculs a  molcular biology  17

molcular visual izatio  21 ,  91

mollusca  69

moocloal  atibois 131

moohybri  crosss 42

moomrs 19

moosaccharis 19

Morga (Thomas Hut)  124

mortal ity  171

moss la cl l  1

mosss 69

motor cort 149

moutai  sickss 182

mouth  72

movmt a  muscls 134

mucosa  o itsti 72

mucous mmbras 76

multicl lular orgaisms 2

multipl  al lls 45

muscl  cotractio  133

mutags (mutagic chmicals)  46

mutatio  46,  65

mutual ism 167

mutual istic rlatioships  119

myli  shaths a  myl iatio  80

myobrils 132

myoglobi   182

myomtrium  144

myosi  132

 

nAd  102104

nAdP 106,  108

ak  dnA 6

amig spcis 67

atal ity  171

atioal  parks 170

atural  classicatio  68

atural  slctio  65,  66,  127

atur rsrvs 170

ctary  119

gativ back 85

oicotioi  psticis 80

phros 136

rv cors 146

rv impulss 81

ural  plat a  ural  tub 146

ural  pruig 147

uro  vlopmt 147

uros 80

urotrasmittrs 80,  155

urulatio  146

ichs (cological)  166

itricatio  172

itrog  cycl  172

itrog  atio  172

itrog  ois (nO
x
)  60

itrogous wast proucts 135

os o Ravir 80

omograms 23

o-coig squcs 90

o-comptitiv ihibitors 100

o-isjuctio  41

o-polar amio acis 8,  97

uclar bombs a  accits 46

uclic acis (dnA a  RnA)  28

ucloi  6

uclosoms 91

uclotis 28

uclus 7

uclus accumbs (o brai)  149

utrit cycls 58,  168

utrit tst kits 172

utritio  2

utritio  i  humas 174

 

obsity  23,  83,  174

ostrog (strog)  84

olactory  rcptors 150

OMIM  wbsit 48

ocogs 15

oocyt (huma)  85, 141

oogsis 141

op  raig rams (ORF)  159

oprat coitioig 154

optic rvs 151

orgal ls 7

origis o cl ls 13

Oryza sativa  (ric)  39,  47  

oscil loscop tracs 81

osmocoormrs  135

osmolarity  11

osmorgulatio  135137

osmosis 11

ossicls o ar 152

ostomalacia  175

ovaria  hormos 85

ovaris (huma)  84,  141

ovaris ( i  plats)  119

ovr-hyratio  135

ovrwight (halth)  174

oviuct 84

oiatio  ractios 102

oyg issociatio  curvs 182

oyg i  rspiratio 104

oyg i  th  atmosphr 34

oytoci  143,  180

 

pacmakr o hart 75

pacmakrs (articial)  179

pai  withrawal  rf 153

paikil lrs 155

pal isa cl l  i  la 5

Pan troglodytes (chimpaz)  39

pacras 72,  82

pacras cl l  7

paraigm shits 104

Paramecium 2

Parascaris equorum 39

parasitism 167

parasympathtic rvous systm 148

Paris japonica 38

partial  prssurs 182

parturitio  (chilbirth)  143

Pasturs primts 13

patrity  ivstigatios 50

pathogs 76,  129

pathway  girig 158

Pavlov ( Iva)  154

PCR 31

PCR i   iagosis 162

pat ormatio  59

pigr charts 43,  44

picil l i  77,  159

pis 84

ptaactyl  l imbs 63

pppr  moth  64

pptias 72

ppti bos 19,  24,  96

ppti hormos 180,  183

pptis 24

prcptio  o stimuli  150

priphral  rvous systm 147

priphral  protis 9

pristalsis 72

prmabil ity  o mmbras 9,  10

ptals 119

pH  a  zym activity  27

phagocyts a  phagocytosis 76

photyp 42

phylktouria  (PKU)  175

phlom 114,  116

phoocariograms 178

phosphol ipis 8,  22

phosphorus cycl  172

phosphorylatio  ractios 102

photolysis o watr 34,  106

photoprioism a  fowrig 119

photophosphorylatio  106

photorcptors 150

photosythsis 34,  106

Photosystms I  a  I I  106

phototropism 118

phylogtics 164

phylograms 164

pigmts i  photosythsis 106

pil i  (pilus)  6

pial  gla  83

pituitary  gla   148,  180

pituitary  hormos 85

PKU  (phylktouria)  175

placta  143,  144

plat hormos 117,  118

plat rprouctio  119

plasma clls (atiboy prouctio)  77, 130

plasma protis 177
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plasmis 38,  51

plastic bris pol lutio  169

platlts 76

platyhlmiths 69

pumocyts 79

poocyts 136

polar a  o-polar amio acis 8,  97

polarity  o watr 18

pol io  131

pol l iatio  119

pol lutio  tratmts 161

polygic ihritac 126

polymras chai  ractio  (PCR)  31,  49

polymrs 19

polypptis 24,  96

polyploiy  127

polysaccharis 1921

polysoms 92

polysprmy 142

populatios 54,  171

populatio  growth  171

porira  69

positiv back 85,  143

post-trascriptioal  moicatio  93

potassium chals 10

potato crops  160

potomtrs 111

Practical  1  4

Practical  2  11

Practical  3  27

Practical  4 35

Practical  5  55

Practical  6  78

Practical  7  112

pratio  167

prispositio  to  gtic isas 162

prgacy  85,  86,  143

prgacy  tst kits 131

primary  structur o protis 96

primary  succssio  168

primas 89

primat classicatio  70

probs i  rmtrs 158

proucrs 56,  57

prouctio  (gross a  t)  167

progstro 8485,  143144

prokaryot chromosoms 38

prokaryotic cl ls 6

prolacti  180

promotrs (o trascriptio)  92

proprtis o watr 19

prostat  gla  84

prosthtic groups 97

proti  coormatio  25

protis 24

proti  uctios 25

proti  structur 96

protoms 24,  159

proto-pump ihibitors 175

proto  pumpig 104

proimal  covolut  tubul 136,  137

Pseudomonas 161

psychoactiv rugs 155

pubrty  84,  141

pulmoary  circulatio  74

pump protis 12

puctuat  quil ibrium  127

Putt gris  42,  143,  122

pupil  rf 151

pyramis o rgy  57,  167

 

quarat samplig 55

quatrary  structur o protis 97

quorum ssig 161

 

R groups o amio acis 24,  97

raiatio  a  raiatio  isas 46

raioactiv labls 109,  117

rao gas 79

raom umbrs 171

raom oritatio  (chromosoms)  40

raom samplig 170

rag bars 33

rats o ractio  99

ral iz  ichs 166

rcptor cl ls 150

rcssiv al lls 42

rclassicatio  o gworts 70

rcogitio  aturs 69

rcombiat dnA 51,  160

rcombiats a rcombiatio 124, 125

rcycl ig o utrits 58

rgr  colour-bl iss 150

ructio  ractios 102,  108

rf coitioig 154

rfs a  rf arcs 153

rgulatio  o boy  tmpratur 82

ral  artry  a  vi  138

rpats i  primts 52

rpl icatio  89

rpolarizatio  81

rprouctiv systms (huma)  84

rpti ls 69

rsarch  ito  rprouctio  86

rsolutio  5

rspiratio  32,  101,  102

rspiratio  i  cosystms 56

rspiromtrs 33

rspos to  stimuli  2

rstig pottials 81

rstrictio  ouclass 51

rtia  151

rvrs trascriptas 51,  162

Rhizobium 172

ribos 20

ribosoms 30,  9295

ribosoms (70S)  6,  105,  107

ribulos bisphosphat (RuBP)  108

richss a  vss 170

rickts 175

RnA polymras 30

RnA structur 28

ro  a  co cl ls 150,  151,  157

rootig stm cuttigs  52

roots 114

rough  oplasmic rticulum 7

rubisco 108

RUBP (ribulos bisphosphat)  108

 

SA o (sioatrial)  178

sal i  soils 113

salmo 156

saltatory  couctio  80

samplig tchiqus 171

Sagar squcig 90

saprotrophs 54,  56

sarcomrs 132

sarcoplasmic rticulum 132

saturat  atty  acis 22,  23

scal bars 4

scrotum 84

scurvy  175

scoary  mssgrs 180

scoary  sual  charactristics 84

scoary  structur  o protis 96

sativ rugs 155

s  isprsal  119

s  structur  120

sgrgatio  (o al lls)  42,  122

slctiv brig a  volutio  64

slctiv rabsorptio  (kiy)  136,  137

sm 84,  143

smicircular caals 152

smi-cosrvativ rpl icatio  29,  89

smial  vsicl  84

smiirous tubul 140

SeMs 5

ss stras 30

ssatiss tchology  160

ssory  rcptors 150

squc al igmt 164

squcig o gs 48,  49,  90

sripity  15

srotoi  155,  157

Srtol i  cl ls 140

swag tratmt 161

s (gr)  39

s chromosoms 39,  84

s trmiatio  (gr)  44

s-l ikag 44,  124

sual  itrcours 143

sual  l i  cycls 40

sual  rprouctio  a  variatio  65

shoot growth  118

shor crabs 156

short ay  plats 119

short tam rpats 50

sickl  cl l  amia  47

siv tubs 116

sigmoi  growth  curv 171

sigicac lvls  55,  126

Simpsos i o  ivrsity  170

Sigr-nicolso  mol  8

sioatrial  o (SA o)  75,  178

siusois 177,  183

skltal  muscl 132

skltos 134

Skir (Burrhus Frrick)  154,  157

sl iig lamts i  muscl 133
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slow-actig urotrasmittrs 155

smal l  itsti 72

smal lpo 131

smokig 15,  79,  181

smooth  oplasmic rticulum 7

soiumpotassium pumps 12

soil  utrit tsts 172

solubil ity  i  watr 18

solvt proprtis o watr 19

somatic (g)  thrapy  163

somatic-cl l  uclar trasr 52

somatossory  cort 149

sourcs a  siks  116

soyba  crops 160

spciatio  63,  127

spcis 54

spcis iticatio  67

spcic immuity  77

spctrum o l ight 34

sprm 140,  142

sprm uct 84

sprmatogsis 140

spial  cor  147

spia  bia  146

spotaous gratio  13

SRY 84

stabil izig slctio  127

stag micromtrs 132

starch  20,  23,  107

starch   igstio  72

Stargarts  isas 3

starl igs 169

start coos 31,  95
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